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INTRODUCTION 


The  general  purpose  of  the  research  supported  by  this  grant  was 
to  evaluate  the  viability  of  a  technique  for  assessing  the  encoding  of 
componential  and  higher-order  memory  units  of  visual  stimuli.  The 
technique  involves  presented  a  sequence  of  stimuli  such  that  certain 
visual  information  is  presented  with  different  frequencies.  For 
example,  the  frequency  with  which  different  words  occur  in  a  list  of 
words  might  vary,  as  might  the  frequency  of  occurrence  of  different 
letters  constituting  the  words.  The  presentation  of  the  stimulus 
sequence  is  followed  by  a  memory  test  in  which  subjects  judge  the 
frequency  with  which  specified  events  occurred  in  the  sequence.  In 
applying  this  procedure  to  a  variety  of  stimulus  materials  and  tasks, 
we  have  been  able  to  assess  the  extent  to  which  subjects'  judgments  of 
frequency  of  occurrence  are  influenced  by  both  component- level  and 
higher-order  memory  units.  In  addition  to  having  many  practical 
advantages,  the  frequency- judgment  technique  appears  to  be  a  valuable 
tool  for  assessing  certain  kinds  of  learning  and  answering  theoretical 
questions  relating  to  the  encoding  of  memory  units. 

The  first  section  of  the  report  provides  an  extended  summary  of 
the  results  obtained  in  the  grant  research.  More  detailed  accounts  of 
experimental  procedures  and  results  follow:  Section  2  describes 
experiments  that  specifically  use  the  frequency- judgment  procedure, 
and  Section  3  describes  experiments  that  are  conceptually  related  to 
the  frequency- Judgment  work  (including  some  research  initiated  in 
conjunction  with  an  earlier  ARI  grant  to  the  principal  investigator). 
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Section  1 

SUMMARY  OF  FINDINGS 

A.  Practical  Advantages  of  the  Frequency -Judgment  Technique 

a.  Incidental  Learning.  Accurate  frequency  judgments  can  be 
obtained  under  purely  incidental  learning  conditions.  Although 
researchers  have  been  concerned  with  the  theoretical  implications  of 
small  differences  in  the  accuracy  of  frequency  judgments  under 
intentional  and  incidental  conditions  (Greene,  1984;  Moshe-Benjamin  & 
Jonides,  1988),  these  differences  are  probably  of  little  practical 
importance.  The  opportunity  for  incidental  learning  makes  the 
technique  particularly  useful  for  individuals  who  react  negatively 
when  placed  in  situations  in  which  learning  something  is  explicitly 
required  of  them.  Along  the  same  lines,  the  use  of  incidental  tasks 
with  measurable  outcomes  allows  one  to  be  certain  that  the  individual 
is  paying  attention  to  the  material  that  is  presented  to  them.  For 
example,  Hock,  Malcus,  and  Hasher  (1986;  Section  2A)  have  used  a 
lexical  decision  task  to  obtain  incidental  learning  of  letter- level 
and  string-level  frequency  information.  The  lexical  decision  task 
task  does  not  have  an  explicit  memory  requirement;  subjects  are  simply 
required  to  Judge  whether  or  not  a  string  of  letters  constitutes  an 
English  word.  Subjects'  attentiveness  in  this  task  can  be  ascertained 
by  examining  the  speed  and  accuracy  of  their  responses  and  determining 
whether  they  are  within  a  normal  range. 

b.  Earlarnanco  la  Not  Mi by  Individual  DUfexMcga^. 

Previous  research,  summarized  by  Hasher  and  Zacks  (1979),  has 
demonstrated  that  f requency- judgment  techniques  are  relatively 
unaffected  by  the  individual  difference  variables  that  heavily 
influence  other  measures  of  memory.  Thus,  it  is  relatively  unaffected 
by  such  factors  as  age,  motivation,  intelligence,  and  anxiety.  This 
is  not  to  say  that  such  factors  never  influence  the  accuracy  of 
frequency  judgments.  The  point  that  is  clear  is  that  the  effects  of 
such  factors  are  relatively  small  compared  with  thier  impact  on  other 
memory  techniques.  From  a  practical  point  of  view,  this  means  that 
there  is  less  need  to  tailor  the  learning  context  to  take  account  of 
individual  differences . 

c.  It  is  an  Ideal  navlca  for  Studying  Memory  for  ComPoncntial 
Dolfca*  As  pointed  out  by  Hock,  Malcus,  and  Hasher  (1986;  Section  2A) , 
the  frequency-judgment  procedure  is  particularly  useful  for  assessing 
the  encoding  of  element- level  memory  units  when  the  vocabulary  of 
elementary  units  is  limited  (e.g.,  there  are  only  26  alphabet 
letters).  Thus,  when  frequency  judgments  are  used  to  assess  memory 
for  the  constituent  letters  in  strings,  the  full  set  of  alphabet 
letters  can  be  presented  during  the  acquisition  phase  of  the 
experiment.  In  contrast,  recognition  and  recall  procedures  would 
require  "holding  back”  a  significant  proportion  of  the  letters  from 
the  acquisition  phase  because  they  must  be  used  to  detect  false 
recognition  responses  or  recall  intrusions  during  the  subsequent 
memory  test  (imagine  if  all  the  letters  were  presented  during 
acquisition;  subjects  could  accurately  "recall"  them  simply  by 
reciting  the  entire  alphabet). 

d.  It  Eliminates  the  Problem  of -Product In  the 
absence  of  well-developed  strategies  for  retrieving  information  from 
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memory ,  tasks  requiring  subjects  to  explicitly  state  what  they 
remember  often  underestimate  what  they  have  learned.  Production 
deficits  can  also  be  obtained  when  individuals  lack  confidence  in  what 
they  know;  they  will  tend  to  withhold  responses  when  they  must  produce 
a  description  of  what  they've  learned.  The  frequency- judgment 
technique  minimises  the  need  for  production.  Subjects  will 
demonstrate  knowlege  of  frequency  o 1  occurrence  information  even  under 
conditions  in  which  they  claim  they  recall  nothing,  and  for  that 
matter,  under  conditions  in  which  they  claim  they  do  not  remember  the 
frequency  of  the  events  that  they  are  asked  to  judge.  The 
frequency- judgment  procedure  is  like  recognition  testing  in  that  the 
item  being  tested  is  provided  to  the  learner;  they  need  only  judge  how 
often  it  occurred  (in  recognition  testing  the  learner  need  only 
indicate  whether  or  not  the  item  was  seen  before). 

e.  lt.Eliainatea._the-Problem_of  Dlstractor  Similarity.  Although 
it  is  like  recognition  testing  in  that  it  eliminates  the  need  for 
production,  the  frequency- judgment  technique  has  an  important 
advantage  compared  with  recognition  techniques.  This  is  because 
recognition  testing  could  not  proceed  simply  by  presenting  previously 
seen  items  and  asking  subjects  whether  or  not  they  look  familair. 
Someone  with  no  memory  of  the  items  may  simply  decide  to  say  “Yes"  to 
each  of  them,  giving  the  erroneous  appearance  of  perfect  recognition. 
For  this  reason,  recognition  testing  procedures  do  not  test  for 
whether  an  item  looks  familiar.  Rather,  they  test  subjects’  ability 
to  discriminate  between  previously  seen  and  new  items  (the  later  are 
referred  to  as  distractors) .  The  problem  is  that  recognition 
performance  is  critically  dependent  on  the  similarity  of  the 
previously  learned  items  to  the  distractor  items  included  in  the  list. 
Since  recognition  accuracy  will  decrease  as  the  similarity  of  the 
distractors  to  the  previously  learned  items  increases,  recognition 
performance  is  not  a  true  estimator  how  well  someone  has  remembered 
previously  learned  information;  different  estimates  of  memory  accuracy 
are  obtained  for  different  sets  of  distractors.  This  problem  does  not 
arise  in  the  frequency- judgment  paradigm  since  it  does  not  require  the 
presentation  of  distractors.  Subjects  are  tested  only  with  the  items 
that  they  are  presumed  to  have  learned  during  acquisition. 

B.  Subjects  Can  Judge  the  Frequency  of  Occurrence  for  Component 
Elements  of  Higher-Order  Perceptual  Units 

The  experiments  we’ve  performed  have  shown  that  subjects  can 
judge  the  frequency  with  which  letters  appear  in  a  sequence  of  words, 
the  frequency  with  which  words  appear  in  a  sequence  of  sentences,  the 
frequency  with  which  locations  within  a  frame  are  occupied  by  the 
elements  composing  a  sequence  of  patterns,  and  the  frequency  with 
which  various  spatial  relations  appear  in  a  sequence  of  scenes. 

During  the  first,  or  input  phase  of  our  experiments,  subjects 
were  presented  a  series  of  stimuli  under  various  instructional 
conditions.  This  was  always  followed  by  a  second  phase,  in  which  they 
were  asked  to  judge  the  frequency  with  which  various  events  occurred 
during  the  first  phase.  Most  of  the  time,  the  instructions 
accompanying  the  first  phase  were  incidental  to  the  subsequent 
frequency- judgment  task.  Thus,  after  seeing  a  sequence  of  words  and 
nonwords,  subjects  were  surprised  when  they  were  asked  to  estimate  how 
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often  various  letters  occurred  over  the  sequence  of  letter  strings. 
After  seeing  s  sequence  of  patterns,  the  constituent  elements  of  which 
were  circles  inside  a  square  frame,  they  were  similarly  surprised  when 
they  were  asked  to  estimate  how  often  a  circle  appeared  at  various 
locations  inside  the  frame.  Subjects  performance  in  these  tasks  is 
quite  remarkable  in  the  context  of  their  virtually  universal 
insistence  that  they  could  not  perform  the  judgment  task.  They  had  to 
be  assured  that  people  always  do  much  better  than  they  expect  at  this 
sort  of  task,  and  they  were  encouraged  to  try  hard  and  give  their  best 
guess.  Despite  being  certain  that  they  could  not  perform  the  task, 
when  coaxed  to  do  so  subjects  successfully  judged  frequency  of 
occurrence  for  the  components  of  words,  patterns  and  scenes. 

On  an  individual  level,  performance  was  not  always  very  good. 
Estimation  accuracy,  which  was  measured  by  computing  correlation 
coefficients  between  actual  and  estimated  frequency,  was  very 
variable.  Subjects  sometimes  had  correlations  that  were  quite  high 
(in  the  0.90s),  but  they  sometimes  had  strongly  negative  correlations 
(e.g.,  -0.61).  The  average  of  individual  subject  correlations  was  as 
low  as  0.17  (in  one  of  the  conditions  involving  the  estimation  of 
element-location  frequency  for  patterns),  but  sometimes  were  quite 
good  (as  high  as  0.56  in  one  of  the  conditions  involving  the 
estimation  of  letters  occurring  in  strings).  Since  the  correlation 
between  actual  and  estimated  frequency  was  based  on  as  few  as  eight 
(and  at  moat  16)  data  points,  the  results  obtained  for  individual 
subjects  were  highly  sensitive  to  many  factors  that  could  not  be 
adequately  controlled.  When  frequency  estimates  of  componential 
information  were  averaged  over  all  the  subjects  participating  in  a 
condition,  correlations  between  mean-estimated  and  actual  frequency 
were  substantially  larger  than  the  means  of  individual  correlations. 

It  was  with  respect  to  these  correlations  between  mean-estimated 
and  actual  frequency  that  the  estimation  technique  demonstrated  its 
greatest  practical  viability.  These  correlations  ranged  from  the 
0.60s  to  the  0.90s,  depending  on  the  condition.  From  a  practical 
point  of  view,  the  pooling  of  estimation  data  from  groups  with  16  to 
24  individuals  appears  to  be  sufficient  to  obtain  high  accuracy  in  the 
estimation  of  component-level  information.  One  direction  of  future 
research  might  be  to  examine  the  social-dynamic  factors  that  would 
influence  pooled-decision  making  in  frequency  estimation  tasks. 

C.*  Estimates  of  Componential  Frequency  Are  Based  on  Component- Level 
Memory  Units 

One  of  the  first  issues  we  addressed  in  our  experiments  was  what 
sort  of  memory  units  subjects  use  as  the  basis  for  their  judgments  of 
component-level  frequency  information.  One  possibility  was  that 
subjects  base  their  estimates  on  the  retrieval  of  component -level 
memory  units  that  were  abstracted  over  the  full  sequence  of  items 
(letter  strings  or  patterns)  that  were  presented.  The  second 
possibility,  which  is  related  to  the  "availability  heuristic"  proposed 
by  Tversky  and  Kahneman  (1973),  is  that  subjects  derive  their 
estimates  of  component  information  by  retrieving  global-level  memory 
units  that  include  the  component  being  judged.  The  more  such  global 
units  that  are  available  (i.e.,  retrievable),  the  higher  the  frequency 
estimate  will  be  for  any  component.  This  is  a  viable  decision  rule 
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because  a  high  frequency  component  occurs  in  a  large  number  of 
different  global  units,  or  else  it  appears  in  global  units  that  occur 
with  high  frequency.  In  either  case,  the  probability  of  retrieving 
global-level  units  comprising  the  component -level  unit  is  enhanced. 

Hock,  Malcus,  and  Hasher  (1986;  Section  2A)  used  several 
techniques  to  demonstrate  that  frequency  estimation  for  letter-level 
information  can  be  based  almost  exclusively  on  component-level  codes. 
One  of  the  primary  techniques  involves  having  subjects  recall  as  many 
strings  as  possible  from  those  that  they  had  just  seen  (this  was  done 
immediately  after  they  judged  frequency  of  occurrence  for  the 
component  letters  of  the  strings).  The  assumption  we  made  here  was 
that  the  likelihood  of  a  string  being  recalled  was  directly  related  to 
the  likelihood  of  its  memory  representation  being  activated  while 
subjects  were  making  judgments  of  letter  frequency.  Based  on  this 
assumption,  we  counted  the  number  of  times  each  letter  appeared  in  the 
strings  subjects  correctly  recalled  (i.e.,  the  recall-frequency  for 
each  letter),  and  inferred  that  this  represented  what  the  subject's 
estimate  for  each  letter  would  be  if  estimates  were  based  on 
“availability,"  indexed  here  by  recall  of  strings  that  included  the 
letter .  He  then  computed  a  partial  correlation  coefficient  in  which 
the  influence  of  recall-frequency  was  “held  constant."  The 
correlations  between  estimated  and  actual  frequency  remained 
significantly  positive,  demonstrating  that  subjects  had  information 
available  on  the  frequency  of  components  that  was  at  least  partially 
independent  of  their  knowledge  of  the  global  units  (i.e.,  strings). 

Similar  results  were  also  obtained  by  Hock  and  LaLomia  (Section 
2B)  in  an  experiment  in  which  subjects  were  presented  a  sequence  of 
sentences  and  asked  to  judge  the  frequency  with  which  various  words 
appeared  over  the  full  set  of  sentences.  Correlations  between 
estimated  and  actual  frequency  remained  significantly  positive  after 
the  frequency  with  which  the  words  appeared  in  correctly  recalled 
sentences  (or  even  incorrectly  recalled  sentences)  was  "partialled 
out."  Additional  experiments  demonstrated  the  same  for  subjects' 
knowledge  of  the  frequency  with  which  locations  within  a  frame  were 
occupied  by  the  elements  constituting  a  series  of  patterns  (Hock, 
Smith,  Escoffery  &  Bates,  1985,  Section  2C).  That  is,  subjects’ 
knowledge  of  location  frequency  was  at  least  partially  independent  of 
their  knoledge  of  the  global  units  (i.e.,  the  patterns). 

D.  Concerning  the  Issue  of  Automaticity 

Although  it  was  not  a  specific  objective  of  the  grant  to  study 
whether  frequency  of  occurrence  information  is  encoded  automatically, 
the  issue  has  become  sufficiently  controversial  (Moshe-Benjamin  A 
Jonides,  1986;  Creene,  1984;  Fisk,  1986)  to  impact  on  all  work 
concerned  with  frequency  judgments.  The  argument  that  frequency 
information  is  encoded  automatically  was  developed  in  two  papers  by 
Basher  and  Zacks  (1979;  1984).  Among  several  criteria  for  assessing 
automaticity,  the  one  that  has  received  the  most  attention  has 
concerned  the  influence  of  the  subject’s  "cover"  task  during  the 
initial  presentation  of  the  items.  According  to  the  strictest 
interpretation  of  automaticity,  the  accuracy  of  frequency  judgments 
should  not  depend  on  the  subject’s  task,  whether  the  contrast  is 
between  intentional  or  incidental  cover  tasks,  or  between  two  types  of 
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incidental  task.  Experiments  by  Moshe -Benjamin  and  Jonides  (1986)  and 
Greene  (1984)  have  challenged  this  interpretation;  they've  obtained 
differences  in  the  accuracy  of  frequency  judgment  under  different  task 
conditions.  Another  approach  to  the  issue  of  automaticity  emphasises 
the  effortless  nature  of  frequency  encoding.  Although  general 
instructions  to  remember  the  items  in  a  list  can  lead  to  more  accurate 
frequency  judgments  than  instructions  with  no  memory  requirement  (Hock 
A  Cavedo,  Section  20),  the  fact  that  subjects  are  successful  at 
encoding  frequency  under  purely  incidental  conditions  (Hasher,  Zacks, 
Rose,  A  Sanft,  1987)  indicates  that  frequency  information  is  encoded 
without  any  effort  to  do  so.  However,  the  implication  of  this  view, 
that  frequency  encoding  is  inevitable,  has  been  challenged  by  research 
showing  that  subjects  given  extensive  practice  can  make  semantic 
decisions  about  words,  but  retain  no  memory  of  the  frequency  of 
occurrence  of  these  words  (Fisk  it  Schneider,  1984). 

A  way  of  clarifying  these  conflicting  claims  has  been  suggested 
by  Zacks,  Hasher,  and  Hock  (1986;  Section  2E) .  Referring  back  to 
Hasher  and  Zacks*  (1979)  assertion  that  frequency  of  occurrence 
information  is  encoded  automatically  only  for  stimuli  that  receive 
attention,  Zacks,  Hasher,  and  Hock  (1986)  elaborated  on  the 
attentional  aspect  of  automaticity  in  conjunction  with  "late 
selection"  views  of  attention,  for  example,  Duncan's  (1980).  Duncan 
has  argued  that  stimuli  are  fully  analysed  preattentively  (i.e., 
without  the  use  of  attentional  resources),  including  the  extraction  of 
their  form  and  meaning.  The  limited  capacity  attentional  system 
determines  which  products  of  preattentive  processing  will  be  attended 
to  and  thereby  brought  into  consciousness.  It  follows  from  Duncan's 
model  that  evidence  a  stimulus  is  processed,  even  semantically,  does 
not  constitute  evidence  that  the  stimulus  has  been  attended  to.  Fisk 
and  Schneider  (1984)  trained  subjects  to  the  point  where  conscious 
attention  was  not  required  for  subjects  to  make  semantic  decisions. 
With  no  attention,  there  was  no  coding  of  frequency  information. 

In  a  similar  vein,  differences  in  judgment  accuracy  following 
different  cover  tasks  might  also  be  attributable  to  differences  in 
attention  to  the  items  as  they  are  processed.  To  demonstrate  this 
point,  Hock  and  LaLomia  (Section  2B)  showed  that  frequency  judgments 
for  nouns  that  appeared  in  a  sequence  of  sentences  were  more  accurate 
when  subjects'  cover  task  was  to  determine  whether  or  not  the 
sentences  were  meaningful  compared  with  when  their  cover  task  was  to 
determine  whether  the  sentence  was  written  in  present  or  past  tense. 

We  concluded  that  relatively  inaccurate  judgment  of  word  frequency  for 
the  nouns  in  the  tense- judgment  condition  was  the  result  of  subjects 
directing  their  attention  to  the  verbs  in  each  sentence  (there  was 
some  processing  of  the  semantic  content  of  the  sentences  in  the 
tense- judgment  condition;  judgments  of  verb  tense  were  faster  for 
verbs  appearing  in  meaningful  sentences  them  for  verbs  appearing  in 
meaningless  sentences]. 

But  why  is  attention  important?  In  an  experiment  with  sequences 
of  words  rather  than  sequences  of  sentences,  Malcus,  Hock,  and  Cavedo 
(1985;  Section  2F)  had  one  group  of  subjects  participate  in  a  lexical 
decision  task,  the  other  in  a  letter  search  task.  For  word  lists  in 
which  each  word  appeared  only  once,  we  found  a  vast  advantage  in 
recall  accuracy  for  the  lexical  decision  condition  compared  with  the 
letter  search  condition.  However,  when  each  word  appeared  more  than 
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once  (the  frequency  of  each  word  varied),  there  was  no  difference  in 
recall  accuracy  or  frequency- Judgment  accuracy  for  the  two  conditions. 
These  results  suggest  that  the  presence  of  repetitions  may  affect  the 
size  of  the  perceptual  unit  to  which  subjects  attend.  When  subjects 
are  looking  for  certain  target  letters  (a  U  or  I)  in  the  letter  search 
task,  they  are  likely  to  focus  their  attention  on  individual  letters. 
Hence,  there  is  relatively  little  encoding  of  word-level  memory  units. 
However,  when  the  same  word  reappears  many  times,  the  likelihood 
increases  that  subjects  will  recognize  a  word  (e.g.,  "PINE")  as  a  word 
they  previously  made  a  "Yes"  response  to  (because  there  was  an  I  in 
it),  and  repeat  that  response.  Thus,  the  presence  of  repetitions  can 
shift  subjects'  attention  from  letter-level  units  to  word-level  units. 

But  why  did  subjects  shift  their  attention  to  the  word-level  when 
the  task  ostensibly  required  letter-level  processing?  The  apparent 
reason  was  that  efficient  processing  could  be  achieved  by  searching 
backwards  in  memory  and  reactivating  previously  stored  words  (e.g., 
"PINE")  and  their  associated  responses  (the  "Yes"  response  for  "I"). 

It  is  our  current  view  that  this  backward  search  could  not  be  done 
without  attention,  and  it  is  the  resultant  reactivation  of  word- level 
codes  corresponding  to  previously  seen  words  that  facilitates 
frequency  judgments  for  the  words  (probably  by  the  creation  of  more 
traces).  From  this  point  of  view,  differences  in  the  accuracy  of 
frequency  judgments  for  different  cover  tasks  are  the  result  of 
differences  in  the  extent  to  which  there  are  attention-dependent 
backwards  searches  through  previously  presented  items  in  a  list. 

Thus,  the  encoding  of  information  that  is  the  basis  of  accurate 
frequency  Judgments  occurs  without  intention  or  effort  (and  is 
automatic  in  that  sense),  but  effortful  backward  searches  (for  the 
purpose  of  improving  performance  in  the  cover  task)  can  improve  the 
accuracy  of  the  frequency  judgments. 

A  series  of  experiments  to  test  the  backward- search  hypothesis 
could  be  designed  in  the  context  of  van  Dijk  'and  Kintsch’s  (1983) 
model  of  text  comprehension.  One  of  the  basic  principles  in  the  model 
is  that  as  we  read  text,  each  item  (sentence)  is  comprehended  in 
relation  to  previously  encoded  information  in  the  text.  Some  of  this 
previously  encoded  information  is  kept  in  atn  active  buffer;  this  is 
usually  information  of  central  importance  to  the  text  as  well  as 
recently  encoded  information.  The  remaining  information  in  the  text 
is  stored  in  long-term  memory.  When  subjects  read  a  sentence,  they 
first  seek  "argument  overlap"  with  information  that  is  active  in  the 
buffer.  If  overlap  is  obtained  for  items  in  the  buffer,  there  would 
be  no  additional  activation  of  memory  traces  because  the  overlapping 
information  is  already  active  in  memory.  If  overlap  is  not  obtained 
with  information  in  the  buffer,  it  must  result  from  backward  search 
through  long-term  memory.  The  information  in  long-term  memory  will  be 
then  be  reactivated,  producing  additional  memory  traces  that  would 
facilitate  subsequent  frequency  of  occurrence  judgments. 

The  experiments  would  therefore  test  the  following  hypotheses: 

1)  the  introduction  of  sentences  in  a  text  that  requires  reactivating 
more  instances  of  a  previously  presented  word  in  long-term  memory 
should  facititate  subsequent  frequency  judgments  of  that  word,  and  2) 
the  introduction  of  sentences  that  can  be  understood  in  conjunction 
with  information  in  the  buffer  should  decrease  the  accuracy  of 
frequency  judgments.  The  latter  result  would  provide  an  explanation 
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of  the  "spacing  effect"  on  frequency  judgments  (Hintzman  &  Block, 
1971).  That  Is,  frequency  judgments  would  be  better  when  repeated 
Items  are  spaced  far  apart  because  backward  search  through  long-term 
memory  would  reactivate  previously  formed  traces  of  the  Item;  when  the 
Items  are  closely  spaced,  previous  Instances  would  be  likely  to  remain 
active  In  the  buffer,  so  there  would  be  no  backward  search  to 
reactivate  the  previously  formed  traces  of  the  Item  (and  hence,  no 
facilitation  of  frequency  judgments. 

E.  Evidence  for  Letter-Level  Recognition  Units  for  Words  and  Acronyms 

When  subjects  are  required  to  indicate  whether  or  not  a  target 
letter  is  included  in  a- brief ly  presented  string  of  letters,  they  are 
more  accurate  when  the  string  is  a  familiar  word  than  when  it  is  a 
nonword  (e.g.,  Reicher,  1969).  This  has  result  is  known  aa  the  word 
superiority  effect  (WSE).  Additional  experiments  (e.g.,  Baron  & 
Thurston,  1973;  McClelland,  1976)  comparing  orthographical ly  regular 
pseudowords  and  orthographical ly  irregular  nonwords  have  shown  that 
higher-order  units,  perhaps  involving  familiar  combinations  of  letters 
(e.g.,  "th")  can  influence  letter  detection. 

in  many  of  the  experiments  performed  in  conjunction  with  this 
grant,  we  were  concerned  with  frequency  judgments  for  letters 
appearing  in  words.  One  of  the  cover  tasks  we  studied  involved  a 
letter  detection  procedure  of  the  type  associated  with  the  WSE; 
subjects  were  required  to  detect  the  presence  of  a  U  or  I  in  a  series 
of  words  and  nonwords.  If  performance  in  this  task  were  based  on  the 
formation  of  higher-order  visual  units,  the  formation  of  letter-level 
codes  might  be  expected  to  be  relatively  minimal.  Although  it  has 
been  suggested  that  performance  in  the  WSE  is  based  on  letter-level 
information  rather  than  higher-order  visual  units  (e.g.,  McClelland, 
1976),  we  thought  that  it  was  important  to  provide  a  stong  empirical 
foundation  for  this  idea  before  proceeding  further  with  the  frequency 
judgment  experiments. 

To  this  end.  Noice  and  Hock  (1987;  Section  3A)  conducted  a  letter 
detection  experiment,  but  instead  of  familiar,  orthographically 
regular  words,  we  used  acronyms  that  were  totally  devoid  of 
orthographic  regularity  (e.g.,  NBC,  JFK).  We  found  the  following:  1) 
letters  were  detected  more  accurately  in  acronyms  than  in  unfamiliar, 
control  strings;  this  showed  that  the  WSE  need  not  be  mediated  by 
higher-order  orthographic  units,  2)  the  sise  of  the  WSE  effect 
depended  on  the  position  of  the  target  letter  in  the  acronym;  this 
showed  that  the  effect  was  not  due  to  processing  the  acronyms  as 
visually  familiar,  global  units,  and  3)  the  advantage  of  the  acronyms 
relative  to  the  controls  was  significantly  reduced  by  alternating  the 
case  of  the  letters  within  each  string  (e.g.,  nBc);  this  showed  that 
the  WSE  for  acronyms  depended  on  the  visual  characteristics  of  the 
letters  composing  the  acronyms.  Our  results  were  interpreted  in 
conjunction  with  experiments  by  McClelland  (1976),  who  showed  that  the 
advantage  of  orthographically  regular  pseudowords  relative  to 
nonorthographic  controls  was  unaffected  by  case-alternation,  and  by 
Besner,  Davelaar,  Alcott,  and  Parry  (1984),  who  showed  that 
alternating  the  size  of  consecutive  upper-case  letters  does  not  affect 
the  size  of  the  WSE.  It  was  concluded  that  entries  in  long-term 
memory  corresponding  to  familiar  words  and  acronyms  include 
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"recognition  units"  corresponding  to  their  constituent  letters.  Since 
acronyms  are  experienced  exclusively  in  upper-case,  their  entries  in 
long-term  memory  would  include  representational  units  corresponding 
only  to  the  upper-case  versions  of  the  constituent  letters.  Since 
orthographical ly  regular  words  are  experienced  in  both  lower-case  and 
upper-case  formats,  their  entries  in  long-term  memory  would  include 
representational  units  corresponding  to  both  the  upper-case  and 
lower-case  versions  of  the  constituent  letters. 

F.  Emphasis  on  Global-Level  Codes  Suppresses  the  Formation  of 
Component- Level  Codes:  Evidence  Obtained  With  Letter  Strings 

Although  the  results  of  the  Noice  and  Bock  (1987;  Section  3A) 
experiment  indicated  that  lexical  entries  in  long-term  memory  for 
familiar  words  include  codes  corresponding  to  their  constituent 
letters,  it  is  clear  that  other  information  is  also  stored  in  the 
lexical  entry  for  a  word,  for  example,  its  pronunciation.  Evidence 
for  the  latter  has  been  obtained  in  experiments  concerned  with  the 
processing  of  irregular  words;  since  the  way  these  words  are 
pronounced  does  not  comply  with  normal  pronunciation  rules,  their 
pronunciation  must  be  retrieved  from  their  lexical  entries  in 
long-term  memory  (e.g. ,  Stanovich  A  Bauer,  1978). 

In  an  earlier  experiment,  Hock,  Throckmorton ,  Webb,  and  Rosenthal 
(1981)  found  that  the  phonological  processing  of  words  (but  not  of 
nonwords)  suppressed  the  retention  of  graphemic  information  associated 
with  the  words.  That  is,  previously  presented  nonwords  that  were 
phonologically  processed  were  recognised  more  accurately  when  they 
were  presented  in  the  same  case  during  recognition  testing  compared 
with  when  they  were  presented  in  a  different  case;  this  advantage  of  a 
familiar  visual  format  was  not  obtained  for  phonemically  processed 
words.  The  hypotheses  tested  in  conjunction  with  our  grant  research 
(Malcus,  Hock,  &  Cavedo,  1985,  Section  2A)  were  as  follows:  1) 
lexical  search  based  on  the  visual  information  in  a  word  would  be 
compatible  with  the  formation  of  letter-level  memory  units  since 
lexical  entries  in  long-term  memory  would  include  "recognition  units" 
corresponding  to  the  letters  composing  the  word  (see  Sections  IE  and 
3A),  and  2)  lexical  search  based  on  a  phonological  representation  of  a 
word  formed  prior  to  lexical  search  would  suppress  the  formation  of 
letter-level  memory  units  since  lexical  search  would  be  based  on 
global-level,  phonological  units. 

The  stimuli  presented  during  this  experiment  were  lists  of 
orthographical ly  regular  words  and  nonwords.  For  some  lists,  the 
nonwords  were  orthographical ly  regular  (e.g.,  TIBE),  for  other  lists 
the  nonwords  were  orthographically  irregular  (e.g.,  TBEI).  The  reason 
for  this  contrast  was  that  previous  research  by  Shulman,  Hornak,  and 
Sanders  (1978)  suggested  that  lexical  decisions  based  on  a 
phonological  representation  of  a  word  were  more  likely  when  the 
nonwords  in  the  list  were  orthographically  regular  (and  pronounceable) 
than  when  they  were  orthographically  irregular  (and  unpronounceable). 
One  version  of  each  list  was  printed  entirely  in  upper-case  (e.g., 
LIST),  the  other  in  alternating-case  (e.g.,  LiSt).  The  reason  for 
introducing  the  alternating-case  condition  was  to  make  the  stimuli 
visually  unfamiliar,  further  increasing  the  likelihood  that  lexical 
search  would  be  based  on  a  familiar  phonemic  representation  of  the 
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word  than  an  unfamiliar  graphemic  representation.  There  were  three 
cover  tasks  accompanying  the  presentation  of  the  words  and  nonwords: 

1)  a  Letter  Detection  task  in  which  subjects  were  required  to  search 
throuhg  each  string  for  the  presence  of  a  "0"  or  "I",  2)  a  Lexical 
Decision  task  in  which  subjects  were  required  to  discriminate  between 
the  words  and  nonwords,  and  3)  an  Intentional  condition,  in  which 
subjects  were  told  to  remember  the  frequency  of  occurrence  of  the 
constituent  letters  of  the  strings. 

Correlations  were  obtained  between  actual  and  estimated  letter 
frequency  for  individual  subjects,  and  were  also  obtained  between 
actual  frequency  and  the  mean-estimate  frequency  for  all  the  subjects 
in  a  condition.  These  correlations,  which  measured  the  accuracy  of 
frequency  Judgments,  were  similar  for  subjects  in  the  Intentional  and 
Lexical  Decision  conditions,  both  of  which  were  greater  than  the 
correlations  obtained  in  the  Letter  Search  condition.  The  most 
interesting  results  in  the  experiment  were  obtained  after  we 
“partialled  out’*  the  frequency  with  which  the  letters  whose  frequency 
was  being  estimated  appeared  in  subjects'  correct- recall  protocols. 
These  partial  correlation  coefficients  measured  the  extent  to  which 
actual  letter  frequency  was  judged  on  the  basis  of  letter- level  memory 
units.  We  found  that  partial ling-out  recall-frequency  reduced  the 
size  of  the  correlations  in  all  conditions.  Thus  is,  global-level 
memory  units  contributed  to  the  judgment  of  the  frequency  of 
occurrence  for  the  letters  in  the  words  and  nonwords.  However,  the 
most  substantial  effects  were  obtained  for  the  alternating-case  words 
in  the  Lexical  Decision  condition.  Correlations  in  this  condition 
were  reduced  to  the  point  where  they  were  lower  than  the  correlations 
obtained  in  the  Letter  Search  condition,  the  reverse  of  what  was 
obtained  prior  to  partialling-out  the  contribution  of  global-level 
memory  units  to  subjects’  frequency  judgments. 

We  concluded,  therefore,  that  the  emphasis  on  global-level 
processing  in  the  Lexical  Decision  task  (subjects  had  to  decide 
whether  or  not  the  string  was  a  word)  contributed  positively  to  the 
over-all  accuracy  of  subjects’  letter  frequency  judgments  (relative  to 
the  letter  detection  task),  but  only  so  long  as  lexical  search  was 
visually  mediated.  When  the  likelihood  of  phonological  mediation 
increased  (i.e.,  when  case-alternation  rendered  the  words  visually 
unfamiliar),  the  encoding  of  letter-level  memory  units  was  suppressed. 
It  appears,  therefore,  that  the  information  associated  with  a  word 
that  is  best  remembered  is  the  information  that  activates  the  lexical 
entry  for  the  word. 

Consistent  with  the  results  reported  by  Hock,  Throckmorton,  Webb, 
and  Rosenthal  (1961),  evidence  for  the  suppression  of  letter-level 
memory  units  as  a  result  of  phonogical  mediation  was  not  obtained  for 
letters  appearing  in  nonwords  (e.g. ,  BLAL).  Although  there  are  no 
lexical  representations  for  nonwords,  partial  lexical  activation  by 
nonwords  was  more  likely  to  occur  as  a  result  of  letter-level  codes 
formed  for  the  nonwords  (they  could  share  many  of  their  letters  with 
nonpresented  words  in  the  lexicon)  compared  with  phonological  codes 
formed  for  the  nonwords  (none  of  our  nonwords  were  pseudohomophones). 
As  argued  above  for  words,  the  information  associated  with  a  nonword 
that  is  best  remembered  appears  to  be  the  information  (letter-level 
codes)  that  activates  entries  in  the  lexicon. 


G.  Emphasis  on  Global-Level  Codes  Suppresses  the  Formation  of 
Component -Level  Codes :  Evidence  Obtained  With  Patterns 

Experiments  with  patterns  have  provided  converging  evidence  for 
the  suppression  of  element-level  codes  as  a  result  of  emphasis  on 
pattern-level  coding  (Hock,  Smith,  Escoffery,  &  Bates,  1985,  Section 
2C).  Subjects  in  these  experiments  were  presented  a  sequence  of 
patterns  comprising  five  circles  inside  a  square  frame  with  16 
possible  locations  (4x4)  for  the  circles.  Small  dots  were  presented 
inside  the  frame  in  accord  with  the  cover  task  used  during  the 
presentation  of  the  patterns.  One  of  the  orienting  tasks  involved 
detecting  whether  or  not  a  dot  was  presented  inside  one  of  the 
circles,  another  involved  determining  whether  a  dot  inside  one  of  the 
circles  was  displaced  to  the  left  or  right  with  respect  to  the  center 
of  the  circle.  These  cover  tasks  were  contrasted  with  one  in  which 
subjects  were  instructed  to  remember  each  of  the  patterns.  The 
presentation  of  the  patterns  was  followed  by  a  frequency  Judgment  test 
in  which  subjects  were  required  to  estimate  how  frequently  each  of  the 
16  possible  element-locations  within  the  frame  was  occupied  by  a 
circle.  Two  of  the  patterns  are  presented  below. 
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The  results  indicated  that  subjects  in  the  Pattern  Memory 
conditions  estimated  element- location  frequency  with  significantly 
less  accuracy  than  subjects  in  the  element-level  conditions. 
Furthermore,  the  limited  ability  of  subjects  in  the  Pattern  Memory 
condition  to  estimate  element -location  frequency  could  be  accounted 
for  almost  completely  by  the  retrieval  of  pattern-level  memory  units. 
When  we  counted  the  frequency  with  which  each  location  was  occupied  by 
a  circle  in  each  subject’s  correct-recall  protocols,  and  computed  a 
partial-correlation  coefficient  for  each  subject  in  which  the 
recall -frequency  for  each  location  was  "partialled  out,"  the 
correlation  between  the  actual  and  estimated  frequency  was  reduced  to 
nonsignficance  for  the  subjects  in  the  Pattern  Memory  condition. 

Since  this  was  not  the  case  in  the  element-detection  conditions,  it 
was  concluded  that  estimates  in  these  conditions  were  based  on 
element-level  memory  units.  Thus,  Pattern  Memory  instructions 
enhanced  the  formation  of  global-level  memory  units  (as  indicated  by 
the  recall  data),  but  suppressed  the  formation  of  element-level  memory 
units  that  were  the  basis  for  relatively  accurate  frequency 
estimation. 

H.  The  Categorisation  of  a  Pattern  Does  Hot  Depend  on  Element-Location 
Information 

Although  it  might  be  claimed  that  the  frame-relative  position  of 
the  constituent .elements  of  a  pattern  constitutes  highly  superficial 
information  for  subjects  to  be  retaining,  it  could  also  be  argued  that 
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element- location  information  can  b«  important  with  retard  to  the 
formation  of  categories  comprising  the  patterns.  Many  investigators 
have  posited  that  stimuli  are  classified  as  members  of  a  category  by 
virtue  of  their  similarity  to  prototypical  representations  that  are 
formed  to  represent  the  category  (Posner  &  Keele,  1968;  Reed,  1972; 

Home,  1978).  It  is  often  implicit  in  models  of  this  kind, 
particularly  when  they  involve  dot  patterns,  that  the  prototype  is 
formed  by  averaging  the  locations  of  the  elements  of  each  pattern 
belonging  to  the  same  category.  This  sort  of  process  has  recently 
been  formalised  in  a  neural -summation  model  proposed  by  Knapp  and 
Anderson  (1984). 

Hock,  Tromley,  and  Pohlmann  (1987;  Section  3B)  have  investigated 
whether  the  category  membership  of  a  set  of  patterns  can  be  based  on 
element- location  information.  That  is,  they  asked  whether  the  memory 
structures  for  previously  learned  categories  include  “recognition 
units"  sensitive  to  the  locations  of  the  constituent  elements  of  a 
pattern.  A  special  set  of  dot  patterns  was  designed  such  that 
patterns  belonging  to  the  same  category  all  had  seven  of  eight  dots  in 
the  same  relative  location.  Although  this  maximised 
element-correspondence  for  members  of  the  same  category  (any  further 
element-correspondence  and  the  patterns  would  have  been  identical), 
there  was  no  evidence  in  subjects'  similarity  judgments  or 
classification  data  that  they  encoded  the  location  of  individual 
elements.  The  representation  of  category  structures  appeared  to  be 
based  on  perceptual  units  larger  than  individual  elements  (for 
example,  Hock,  Webb,  &  Cavedo,  1987,  Section  3C,  have  provided 
evidence  that  category  training  can  increase  sensitivity  to 
orientational  similarities  among  patterns  belonging  to  the  same 
category).  We  concluded,  on  the  basis  of  these  data,  that 
element-location  information  is  unlikely  to  serve  as  the  basis  for 
recognising  a  pattern  as  a  member  of  a  category. 

I.  Encoding  Superficial  Details:  Abstract  Attributes,  Not  Templates 

Hock,  Smith,  Escoffery,  and  Bates’  (1985,  Sections  1G  and  20 
evidence  for  the  encoing  of  element-location  information  therefore 
joins  evidence  based  on  exact  repetition  effects  (e.g.,  Jacoby  A 
Brooks,  1984;  Pollatsek,  Rayner,  &  Collins,  1984;  Hock,  Throckmorton, 

Webb,  4  Rosenthal,  1981;  Kolers,  1976)  in  providing  evidence  for  the  I 

retention  of  ostensively  meaningless,  superficial  information.  One 
way  of  explaining  the  retention  of  superficial  details  for  patterns  is 
to  specify  that  patterns  are  stored  and  retrieved  as  literal, 
template-like  pictorial  copies.  However,  it  has  been  argued  (Neisser, 

1967;  Dodwell,  1970)  that  template  models  lack  the  flexibility 
required  for  stimulus  generalisation:  the  ability  to  recognize  novel 
patterns  that  are  altered  versions  of  previously  seen  patterns  (e.g.,  9 

Attneave,  1957).  The  results  reported  in  the  series  of  experiments  by 
Hock,  Smith,  Escoffery,  and  Bates  indicated  that  superficial 
element-location  information  can  be  retained  in  the  form  of 
element-level  memory  units  rather  than  template-like  pictorial  copies. 
Superficial  details  involving  element  position  were  abstracted  from  a 
series  of  patterns  in  the  same  way  that  semantically  important,  shared  _ 
attributes  might  be  abstracted  from  a  series  of  patterns  belonging  to  " 
the  same  category  (e.g.,  Posner  &  Keele,  1966).  The  results  of  the 
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experiment*  therefore  indicate  that  there  is  no  reason  to  assume  that 
superficial  details  are  abstracted  and  represented  an y  differently 
than  the  attributes  that  are  the  basis  for  categorizing  previously 
seen  stimuli  and  novel  stimuli. 

J.  Encoding  Superficial  Details:  Evidence  For  Pat tern- Analyzing  Memory 

If  some  of  the  patterns  presented  by  Hock.  Smith,  Escoffery,  and 
Bates  (1985,  Sections  10  and  2C)  were  shifted  to  the  left,  and  others 
shifted  upward,  there  would  be  no  change  in  the  global-level  content 
of  the  series  (the  patterns  would  remain  the  same).  Nonetheless,  the 
frequency  with  which  circles  appeared  in  various  locations  within  the 
frame  would  change.  Of  what  use,  then,  is  the  superficial  information 
abstracted  from  sequences  of  patterns? 

The  experiments  conducted  with  patterns  by  Hock,  Smith, 

Escoffery,  and  Bates,  and  with  words  by  Hock,  Malcus,  and  Hasher, 

1986,  Section  2A),  suggest  that  a  relatively  small  sample  of  stimuli 
(e.g.,  34  patterns  in  one  set  of  experiments),  is  sufficient  for 
subjects  to  abstract  superficial  details  that  characterize  the 
particular  sat  of  materials  that  they  are  processing.  Although  this 
information  will  not,  in  general,  contribute  to  the  categorization  of 
individual  stimuli,  it  has  the  potential  to  facilitate  further 
processing  of  materials  possessing  the  same  superficial 
characteristics.  This  is  the  sort  of  information  that'Kolers  (1976) 
appears  to  have  had  in  mind  in  his  studies  of  pattern-analyzing 
memory . 

An  experiment  which  could  test  the  hypothesis  that  repetition 
effects  of  the  kind  that  Kolers  (1976)  attributes  to  pattern-analyzing 
memory  can  be  based  on  the  frequency  of  occurrence  of  superficial 
characteristics  of  the  stimuli  might  proceed  as  follows.  The  initial 
phase  of  the  experiment  would  involve  the  presentation  of  a  series  of 
patterns  (comprising  five  circles)  with  a  particular  distribution  of 
element- location  frequencies.  Subjects  would  be  required  to  determine 
whether  or  not  a  dot  is  present  inside  one  of  the  circles.  They  would 
then  be  transferred  to  another  series  composed  of  the  same  patterns, 
but  displaced  to  new  locations  within  the  frame.  In  one  condition, 
the  displacement  would  preserve  the  original  distribution  of 
element-location  frequencies  (for  example,  a  pattern  that  had  an 
element  in  the  upper-left  corner  of  the  frame  might  be  shifted  away 
from  this  location  and  replaced  by  a  different  pattern  with  an  element 
in  the  upper-left  corner).  In  a  second  condition,  the  displacement  of 
the  original  patterns  would  result  in  a  different  distribution  of 
element-location  frequencies.  Subjects  in  the  transfer  phase  would 
again  be  required  to  determine  whether  or  not  a  dot  was  present  inside 
one  of  the  circles  (the  target-dot  would  be  located  in  different 
circles  compared  with  the  initial  phase  of  the  experiment).  If  our 
pattem-analsing  hypothesis  is  correct,  dot-detection  time  would  be 
faster  in  the  condition  with  the  repeated  frequency  distribution  (and 
there  will  be  no  difference  in  pattern  recall).  Further  support  for 
the  pattern-analyzing  hypothesis  could  then  by  sought  in  a  second 
experiment  in  which  subjects  task  in  the  transfer  phase  will  involve 
higher-order  attributes  of  the  patterns  (e.g.,  whether  or  not  they 
include  diagonally  arranged  circles).  We  would  again  expect 
performance  in  the  Phase  2,  diagonal-detection  task  to  benefit  from 
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the  repetition  of  the  superficial  frequency  distribution  acquired  with 
the  Phase  1,  dot-detection  task. 

K.  Encoding  Superficial  Details  Affects  Identification  More  Than 
Categorization 

Hock,  Rosenthal,  and  Stenquist  (1985;  Section  3D)  performed  a 
series  of  experiments  based  on  the  category  effect  in  visual  search. 
The  category  effect  refers  to  evidence  that  it  is  easier  to  detect  the 
presence  of  a  target  digit  in  a  field  of  letters  than  it  is  to  detect 
the  presence  of  a  target  letter  in  a  field  of  other  letters.  Hock, 
Rosenthal,  and  Stenquist* s  study  focussed  on  a  catch-trial  presented 
at  the  conclusion  of  a  series  of  between-category  trials  (looking  for 
digits  among  letters).  On  these  catch-trials,  digits  other  than  the 
expected  target-digit  were  presented.  With  relatively  little  practice 
(96  trials),  subjects  were  likely  to  respond  slowly  and  incorrectly  on 
these  trials,  the  effect  diminishing  with  increased  practice  until 
performance  on  the  catch-trials  was  no  worse  than  that  observed  on 
standard  target-absent  trials  (after  384  practice  trials).  These 
results  were  consistent  with  the  view  that  superficial  attributes  that 
are  abstracted  from  relatively  short  series  of  stimuli  can  facilitate 
the  processing  of  information  specific  to  individual  category  members 
to  a  greater  extent  than  information  which  is  shared  by  members  of  the 
same  category. 

L.  Coding  Spatial  Relations  Facilitates  Judgments  of  Element  Position 

In  our  initial  discussion  of  the  series  of  experiments  involving 
frequency  judgments  for  element-location  in  Section  10  (Hock,  Smith, 
Escoffery,  A  Bates,  1985,  Section  2C),  we  distinguished  between  the 
effects  of  element-level  and  global-level  codes  on  judgments  of 
element-location  frequency.  Since  global-level  pattern  codes  must 
include  information  concerning  the  relative  location  of  elements  in 
the  pattern,  the  distinction  between  element-level  and  global-level 
codes  reduces  to  a  distinction  between  frame-relative  and 
element-relative  position  codes. 

Although  the  experiments  indicated  that  judgments  of 
element-location  frequency  were  relatively  inaccurate  as  a  result  of 
global  (pattern) -level  processing,  further  evidence,  accumulated  over 
four  experiments,  produced  surprising  evidence  that  the  formation  of 
pattern-level  memory  units  was  associated  with  more  precise  encoding 
of  element  position  than  the  formation  of  element-level  memory  units. 
Since  the  formation  of  pattern- level  memory  units  requires  that  the 
position  of  elements  be  coded  relative  to  other  elements  in  the 
pattern,  pattern-level  memory  units  may  result  in  relatively  precise 
judgments  of  element-position  because  of  constraints  arising  from  the 
encoding  of  multiple  spatial  relations  among  the  elements  of  the 
pattern  (e.g.,  an  element  might  be  alongside  one  element,  diagonally 
below  a  second  element,  and  relatively  far  from  a  third  element 
directly  above  it).  Despite  this  precision,  the  relational 
information  in  pattern-level  memory  units  can  be  useless  for 
estimating  element-location  frequency  if  the  global  locations  of  the 
patterns,  relative  to  the  frame,  have  not  also  been  encoded 
(pattern-recall  data  in  the  Hock,  Smith,  Escoffery,  and  Bates 
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experiments  indicated  that  frame- relative  coding  of  pattern  position 
was  imprecise). 

Evidence  of  a  much  different  kind  has  been  obtained  which 
converges  with  the  conclusion  that  the  encoding  of  spatial  relations 
can  facilitate  the  accuracy  with  which  subjects  judge  an  element’s 
position.  This  evidence  came  from  experimental  work  done  with 
Christina’s  World,  a  well-known  painting  of  Andrew  Wyeth’s  (Bock, 

1984;  Section  3E).  The  painting  is  set  on  an  open  field,  with  an 
uphill  slope  that  terminates  as  a  horizon  line  against  the  sky.  There 
are  three  important  objects  in  this  setting:  a  barn  end  a  farmhouse 
along  the  horizon,  and  Christina,  who  is  lying  in  the  field  in  the 
foreground  of  the  painting.  Although  Christina’s  face  is  hidden,  the 
orientation  of  her  body  creates  a  strong  spatial  alignment  between  her 
and  the  farmhouse.  The  perception  of  this  alignment  was  crucial  for 
subjects’  performance.  After  examining  a  copy  of  the  painting, 
subjects  were  presented  five  alternative  versions  in  a  subsequent 
recognition  test.  The  five  alternatives  varied  with  regard  to  the 
position  of  the  bam  along  the  horizon.  Bock  found  that  subjects 
could  recognize  the  correct  location  of  the  bam  at  a  better  than 
chance  rate  only  when  the  spatial  alignment  between  Cristina  and  the 
farmhouse  was  perceived.  Recognition  performance  was  at  chance  when 
the  painting  was  presented  upside-down  during  its  initial 
presentation,  and  was  also  at  chance  when  Christina’s  body  was 
shielded  from  the  subjects’  view,  leaving  vision  of  only  the' back  of 
her  head.  We  could  conclude  that  judments  of  the  barn’s  position  were 
enhanced  by  the  constraints  imposed  by  encoded  relations  among  the 
objects  in  the  painting;  the  perceived  alignment  between  Christina  and 
the  farmhouse  appears  to  have  provided  an  essential  constraint  on  the 
relative  positions  of  objects  within  the  scene. 

M.  Subjects  Retain  Information  Involving  Spatial  Relations 

The  analyses  described  in  the  previous  section  suggest  that  the 
experiments  performed  by  Bock,  Smith,  Escoffery,  and  Bates  (1985, 
Sections  16  and  2C)  may  have  underestimated  how  well  subjects  can 
remember  relations  among  elements.  Evidence  supporting  this 
conclusion  comes  from  a  series  of  experiments  performed  by  Rose  and 
Hasher  (Section  26).  In  these  experiments,  subjects  were  presented 
simple  patterns  comprising  pairs  of  elements  in  one  of  four 
arrangements :  one  above  the  other,  one  alongside  the  other,  one  to  the 
left  and  above  the  other,  and  one  to  the  right  and  above  the  other. 
Pairs  of  these  patterns  were  presented  sequentially.  Sometimes  the 
pattern  remained  the  same  on  both  presentations,  sometimes  it  changed. 
When  the  pattern  changed,  it  could  change  with  respect  to:  1)  the 
global  location  of  the  pattern  on  the  screen,  2)  the  distance  between 
the  elements,  and  3)  the  relation  between  the  elements.  Rose  and 
Hasher  found  that  changes  in  spatial  relationships  were  recognized 
more  accurately  than  changes  in  the  distance  between  the  elements  or 
changes  in  the  global  location  of  the  pattern.  The  results  obtained 
for  changes  in  distance  were  surprising  in  that  contractions  in 
distance  were  more  accurately  recognized  than  expansions  in  distance 
when  the  elements  were  relatively  close  together,  and  vice  versa  when 
the  elements  were  relatively  far  apart.  Only  the  results  for  the 
close  elements  were  consistent  with  Weber’s  Law.  All  these  results 
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were  unaffected  by  variations  in  the  time  interval  between  the  two 
patterns  or  the  presence  of  a  fixation  point. 

N .  Spatial  Relations  Between  Elenents  Are  Coded  Explicitly 

Our  ability  to  make  judgments  of  spatial  relations  may  or  may  not 
mean  that  spatial  relations  are  actually  encoded  in  memory.  For 
example,  being  able  to  recall  that  one  element  or  object  was  to  the 
left  of  another  does  not  mean  that  the  relation  "to  the  left  (or 
right)"  was  explicitly  encoded  in  memory.  It  is  possible  that  in  the 
initial  perception  of  the  two  elements  (or  objects),  the  memory  codes 
formed  were  based  on  a  Cartesian  reference  frame.  That  ia,  the 
frame-relative  position  was  independently  coded  for  each  element. 

Since  the  left/right  relation  of  the  two  elements  is  implicit  in  these 
codes,  subjects’  recollection  of  one  element  being  to  the  left  of  the 
other  could  be  derived  from  the  Cartesion  rather  than  relational 
memory  codes. 

Rose  and  Hasher  (Section  2G)  have  used  the  frequency 
discrimination  technique  to  provide  evidence  that  spatial  relations 
are  encoded  explicitly.  They  devised  a  set  of  nine  context  or 
background  scenes,  each  containing  a  large  object  (e.g. ,  a  crib,  a 
picnic  table,  etc.).  Into  each  background  scene  (defined  by  the  large 
object)  was  inserted  a  second  object  that  could  occur  in  one  of 
several  spatial  relationships  with  the  context  (background)  object. 
Included  among  the  relationships  were  in  front,  above,  inside,  etc. 
Across  the  various  contexts,  the  frequency  with  which  a  relationship 
occurred  was  varied.  For  example,  the  subject  may  have  seen  four 
different  objects  inside  the  crib  and  two  different  objects  in  front 
of  the  picnic  table.  Rose  and  Hasher  found  that  subjects  could 
accurately  judge  the  relative  freqency  with  which  each  relation 
occurred  in  conjunction  with  a  particular  context  (background)  object. 
This  was  the  case  for  a  variety  of  instructional  conditions,  including 
instructions  that  were  completly  incidental  to  the  frequency  Judgment 
test. 

In  an  additional  experiment,  scenes  were  selected  such  that  each 
pair  of  objects  appeared  in  above/below,  side-by-side,  and  diagonal 
relations,  but  with  different  frequency  (e.g.,  once  in  above/below, 
three  times  side-by-side).  Following  the  presentation  of  a  series  of 
such  scenes,  subjects  could  accurately  judge  the  frequency  with  which 
each  pair  appeared  in  each  relation.  Taken  together,  these  results 
suggested  that  frequency  judgments  were  based,  not  on  Cartesian  codes 
for  the  location  of  individual  objects,  but  on  expllcity  coded  spatial 

relations.  „ 

An  experiment  that  could  provide  an  additional  test  of  the  view 
that  spatial  relations  are  coded  explicitly  would  focus  entirely  on 
the  spatial  relation  of  diagonal -alignment  for  pairs  of  elements 
(empty  circles);  one  circle  would  be  below  and  to  the  right  of  the 
second  circle.  This  relation  of  two  circles  would  reappear,  with 
varying  frequency,  in  multiple  locations  throughout  a  4x4  matrix  of 
possible  circle  locations.  The  diagonal  would  be  embedded  in  a  more 
complex  pattern  of  circles  in  one  of  two  ways:  for  the  patterns 
belonging  to  Set  A,  it  would  be  likely  that  the  diagonal  relation 
would  be  explicitly  coded  as  part  of  each  pattern’s  description;  for 
the  patterns  belonging  to  Set  B,  it  would  be  unlikely  that  the 
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diagonal  ralation  would  be  coded  (a  pretest  would  be  necessary  in 
order  to  confirm  that  the  encoding  oBf  the  diagonal  relation  is  more 
likely  for  the  Type  A  than  the  Type  B  patterns).  Following  the 
presentation  of  these  patterns  (Set  A  to  one  group  of  subjects.  Set  B 
to  another),  subjects  would  be  required  to  judge  the  frequency  with 
which  the  diagonal  arrangement  of  two  circles  appeared  in  different 
locations  within  the  4x4  matrix.  Since  the  two  sets  would  be  matched 
with  regard  to  the  Cartesian  coordinates  of  the  elements  forming  the 
diagonal,  no  difference  between  Sets  A  and  B  in  the  accuracy  of 
frequency  judgments  would  be  expected  if  the  diagonal  relation  was 
encoded  implicitly  (i.e.,  if  the  position  codes  were  entirely 
Cartesian).  However,  if  the  the  diagonal  relation  was  coded 
explicitly  for  Set  A,  but  not  for  Set  B,  then  frequency  judgments 
would  be  more  accurate  for  Set  A  than  Set  B. 

O.  Encoding  Spatial  Relations  Facilitates  Object  Identification 

It  was  concluded  in  Section  1L  that  the  encoding  of  spatial 
relations  can  facilitate  the  accuracy  with  which  subjects  judge  an 
object's  position.  In  a  further  experiment,  Rose  and  Hasher  (Section 
26)  showed  that  the  encoding  of  spatial  relations  can  facilitate  the 
speed  with  which  subjects  identify  objects  entering  into  the  spatial 
relations.  Subjects  in  this  experiment  were  presented  a  series  of 
two-object  scenes  with  one  of  four  relations  among  the  objects 
(above/below,  side-by-side,  diagonal,  and  front/behind) .  They  were 
then  given  a  recognition  test  in  which  they  were  required  to  indicate 
whether  the  presented  objects  were  the  same  as  those  presented 
earlier.  When  the  objects  were  the  same,  they  could  appear  in  the 
same  or  different  spatial  relationship.  Subjects  were  faster  when  the 
relationship  was  the  same.  This  was  the  case  regardless  of  whether 
the  test  scenes  were  preceded  by  a  scene  constituting  part  of  the  test 
scene  (the  priming  condition)  or  part  of  another  scene  (the  mispriming 
condition) . 

P.  The  Effect  of  Pattern  Structure  on  Frequency  Judgments 

Patterns  with  simple,  symmetrical  structures  are  easier  to 
identify  (Clement,  1964)  and  reproduce  (Bell  A  Handel,  1976)  than 
patterns  with  more  complex,  asymmetrical  stuctures.  An  experiment  by 
Hock,  Bates  and  Field  (Section  2H)  examined  whether  similar 
differences  would  be  observed  when  subjects  judged  the  frequency  of 
occurrence  of  simple  and  complex  patterns.  Patterns  comprising  five 
circles  (within  an  imaginary  3x3  matrix)  were  presented  within  a  4  x 
4  frame  with  16  possible  locations  for  the  circles.  The  patterns  were 
presented  either  four  or  eight  times,  sometimes  at  the  exact  same 
location  within  the  frame,  sometimes  in  different  quadrants  within  the 
frame  (this  ultimately  had  no  effect  on  performance).  Subjects 
participated  in  one  of  two  tasks  during  the  initial  presentation  of 
the  patterns.  One  group  searched  for  the  presence  of  a  dot  within  one 
of  the  circles,  the  other  was  told  to  try  to  remember  the  patterns. 
This  was  followed  by  a  frequency  estimation  test  during  which  patterns 
were  presented  without  the  surrounding  frame.  Subjects  did  a  better 
job  of  discriminating  between  the  low  and  high  frequency  patterns  in 
the  Pattern  memory  compared  with  the  Dot  Detection  condition.  They 
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also  discriminated  between  high  and  low  frequency  "simple"  pattern*  to 
a  greater  extent  than  they  discriminated  between  high  and  low 
frequency  "complex"  patterns.  This  interaction,  however,  fell  short 
of  statistical  significance  at  the  .05  level. 

Q.  Theoretical  Conclusions 

Frequency  judgments  for  words,  patterns,  and  object-relations 
depend  on  backward  searches  through  memory  that  re-activate  previously 
experienced  versions  of  the  words,  patterns,  and  object-relations  that 
are  stored  in  episodic  memory  (Tulving,  1972).  These  global-level 
memory  units  enable  people  to  make  important  decisions  about  such 
significant  problems  as  who  to  model  one’s  behavior  after  (Perry  k 
Bussey,  1979),  whether  or  not  to  believe  an  assertion  is  actually  true 
(Hasher,  Goldstein,  k  Toppino,  T.,  1977),  and  what  is  going  to  happen 
next. 

Frequency  judgments  for  the  constituent  elements  of  words  and 
patterns  depend  on  the  introduction  of  orienting  tasks  which  direct 
attention  to  the  constituent  elements  of  the  word  or  pattern; 
orienting  tasks  that  direct  attention  to  global-level  units  can 
suppress  the  formation  of  component- level  memory  units.  These 
component-level  memory  units  may  be  the  basis  for  pattern-analysing 
operations  (Kolers,  1976)  that  provide  for  "fluency"  ip  reading  and 
pattern  identification. 
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Subjects'  knowledge  of  bow  often  various  men  occur  w»  used  to  taca  the  retention  of  memory 
unin  for  word-tike  snap  of  knot.  A  aria  of  strings  was  presmnd  at  one  of  three  expoeuie  durations. 
Within  the  senes.  the  frequencies  of  occurrence  of  different  snap  tad  of  the  letten  «wwr"""t  the 
snap  were  varied  orthogonally.  At  relatively  long  expoeuie  durations.  subjects  could  discriminate 
the  frequency  of  occurrence  for  both  snap  tad  ther  cotimtuent  letten.  The  formation  of  globti- 
level  (Shot)  memory  units  wat  indicated  by  judgmmts  of  tiring  frequency  bang  unaSbcad  by  chfaar 
the  ftaqueadet  of  their  component  letters  or  experimental  conditions  (brief  tmmuras)  that  prohibited 
accurate  judgment  of  letter  fieqnency  Although  judgmenn  of  letter  frequency  rare  sometimes  biaasd 
by  the  ftequeacy  of  tbesnnpoCBtainmgthe  letaii  Mew*  rtMjwHpwiimtiwiiHiiiiii 

different  levels  of  letter  frequency  did  not  depend  an  the  activation  of  snog  lcvd  memory  units. 
Hirtbermoie.  subjects'  frequency  judgments  for  letten  were  oat  predictable  from  their  nodi  of  the 
serines  exaaimg  the  letten  Threw  aula,  whiehenrid  not  taeeplawwA  hy  IWUry  awt  Kwliwwm— •« 
(I97J)  -availability  heuristic,"  provided  evidence  for  the  formation  of  skmem-kvet  (knar)  memory 
unin.  A  converging  experiment  esablnhed  thee  rirowil  Inel  fl^uan.)  mfennanoa  could  he  abanaand 
from  words  as  well  a  nonwordx.  and  ftirthex  that  this  information  was  norad  m  long-term  memory. 


Of  central  concern  to  both  perceptual  and  cognitive  theories 
of  visual  proms ng  (e.g,  Hochberg.  1981;  Nasser.  1967)  is  the 
issue  of  whether  the  functional  units  are  elements,  subsets  of 
elements,  or  the  entire  visual  array.  For  example,  the  functional 
units  in  the  identification  of  printed  words  could  be  individual 
letten.  orthographically  regular  combinations  of  letten.  or  the 
entire  word.  Regardless  of  the  size  of  fiinctional  units  during  the 
identification  of  printed  strings  of  letten.  our  concent  is  this 
article  was  to  determine  whether  informational  units  of  different 
size  ate  stored  in  memory. 

It  is  well  established  that  people  are  sensitise  to  information 
about  the  frequency  with  which  events  occur  (Hintzman  A  Block. 
1971;  Underwood.  1969).  This  information  appears  to  be  pro¬ 
cessed  with  little  effort  (Hasher  A  Zacks.  1979)  or  intention 
(Howell.  1973).  Our  experiments  were  to  capitalize  os 

this  sensitivity  to  occurrence-rate  information  era  way  of  iden¬ 
tifying  memory  units  for  words  and  word-lik*  items.  We  did  this 
in  our  first  experiment  by  varying  the  frequency  of  occurrence 
of  strings  of  letten  orthogonally  to  the  frequency  of  occurrence 
of  the  individual  letten  composing  the  strings.  After  presenting 
the  strings  at  varying  exposure  durations,  we  asked  subjects  to 
judge  either  letter  or  string  frequency.  Our  results  provided  con- 
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verging  evidence  for  the  retention  of  both  global-level  (string) 
and  element-level  (tetter)  memory  units.  Retrieval  of  memory 
units  at  both  levels  influenced  subjects'  judgments  of  letter  fre¬ 
quency.  String  frequency  judgments  appeared  to  be  influenced 
only  by  itnng-levd  memory  units. 

Previous  researchers  have  been  concerned  with  frequency 
judgments  for  items  that  were  physically  identical  for  each  rep¬ 
etition  in  a  list  as  well  as  information  abstracted  from  the  items 
inalist.Gude  and  Zechmristrr  (1975)  and  Burnett  and  Stevenson 
(1979)  have  compared  frequency  judgments  for  sentences  that 
were  literally  identical  on  each  repetition  with  sentences  that 
were  literally  different  but  kept  the  same  meaning  on  each  rep¬ 
etition.  Jacoby  (1972)  and  Rowe  (1973a,  1973b)  have  similarly 
compared  frequency  judgments  for  words  that  were  literally 
identical  on  each  repetition  with  frequency  judgments  for  words 
that  were  literally  identical  but  varied  in  mraning  (homonyms) 
and  words  that  were  literally  different  but  the  same  in  meaning 
(synonyms).  Our  approach  is  somewhat  different.  We  ere  inter¬ 
ested  in  frequency  judgments  for  information  abstracted  Grom 
the  items  in  the  list,  but  the  abstraction  of  interest  is  across  the 
list  rather  than  within  the  dividual  items  composing  the  list. 
From  this  point  of  view,  letter  level  memory  units,  coded  for 
frequency  of  occurrence,  could  constitute  an  abstract  description 
of  the  compositional  characteristics  of  the  list.  By  analogy  with 
category  acquisition  research,  the  stimulus  list  presented  at  some 
point  in  time  could  be  thought  of  as  a  particular  information 
category,  with  the  global-level  (string)  units  corresponding  to  the 
exemplars  of  the  category  and  the  element-level  Getter)  unis 
corresponding  to  an  abmract.  fettural  description  of  the  cetegory. 

The  initial  purpose  of  Experiment  1  was  to  determine  if  at 
relatively  long  presentation  durations,  subjects'  judgments  would 
discriminate  different  levels  of  occurrence  frequency  for  both 
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the  strings  and  the  letters  composing  the  strings.  Correlational 
date  suggest  that  people  have  reliable  knowledge  about  the  fre¬ 
quency  with  which  both  words  (Carroll,  1971)  and  individual 
letters  (Attneave,  1933)  occur  in  natural  language.  It  was  im¬ 
portant  to  demonstrate  drat  under  relatively  ideal  dmimttanoes. 
subjects  could  discriminate  frequency  of  occurrence  at  both  the 
dement  (letter)  and  global  (string)  levels.  By  varying  letter  and 
string  frequency  orthogonally,  we  could  determine  whether  fre¬ 
quency  judgments  at  the  dement  level  were  derived  from  stored 
frequency  information  at  the  global  levd  and  vice  versa. 

Experiment  1  also  manipulated  the  presentation  duration  for 
the  strings,  the  purpose  being  to  determine  the  levels  of  memory 
representation,  if  any,  that  are  sacrificed  when  processing  con¬ 
straints  are  increased  (here,  by  reducing  the  presentation  dura¬ 
tion).  If,  lor  example,  brief  exposure  durations  eliminated  sub¬ 
jects’  ability  to  judge  the  frequency  of  letters  while  leaving  intact 
their  ability  to  judge  the  frequency  of  strings,  it  would  provide 
evidence  that  judgments  of  frequency  fiar  string  were  not  derived 
from  sored  frequency  information  for  their  constituent  letters. 

The  final  purpose  of  the  firs  experiment  was  to  determine 
whether  subjects  use  a  strategy  in  which  letter-frequency  judg¬ 
ments  are  based  on  the  activation  of  Snng  levtl  memory  urns. 
According  to  one  such  »sategy,  subjects’  estimates  of  letter  fre¬ 
quency  would  increase  if  they  activate  the  memory  representxtioo 
for  a  string  containing  the  letter.  This  strategy,  which  is  similar 
to  the  “availability  heuristic”  proposed  by  Tversky  and  Kahne- 
man  (1973),  could  be  the  basis  for  accurate  judgments  of  letter 
frequency.  The  latter  have  argued  that  estimates  of  the  frequency 
of  various  events  depend  on  the  activation  in  memory  of  specific 
mmaatiariani  or  amodates  of  the  events.  The  activation  of  strings 
ooukl  be  responsible  for  the  accurate  judgment  of  letter  frequency 
because  in  our  experiments,  as  in  natural  langriagr,  the  reason 
some  letters  are  higher  in  frequency  than  others  is  that  high- 
frequency  letters  occur  in  more  different  strings  than  do  low- 
frequency  letters.  As  a  result  there  is  more  opportunity  for 
subjects  to  activate  memory  representations  of  strings  containing 
high-frequency  letters  compared  with  strings  containing  low-fre¬ 
quency  letters,  and  farther  to  use  this  as  the  basis  for  judgments 
of  the  frequency  of  occurrence  of  constituent  letters. 

Experiment  l  was  designed  to  control  for  the  possibility  that 
subjects  would  be  biased  to  judge  letten  as  high  in  frequency 
amply  because  they  occurred  in  “more  available,"  high-frequency 
strings.  The  orthogonal  manipulation  of  letter  and  string  fre¬ 
quency  prevented  such  a  bias  from  being  the  basis  for  subjects' 
djacriminarion  between  high-  and  low-frequency  letters.  Subjects' 
free-recall  protocols  were  also  umd  to  investigate  the  role  of  string 
activation  in  letterfraquency  judgments.  In  analyzing  the  recall 
data  we  imumed  that  the  likelihood  of  a  string  being  recalled 
was  directly  related  to  the  likelihood  that  its  memory  represen¬ 
tation  was  activated  while  subjects  were  making  judgments  of 
letter  frequency. 


Experiment  I 

Method 

Sutfecu.  Scventy-wo  nudwn  ia  undugruluate  fyebetogy  dsww 
*  Florida  Atlantic  Uwrvwwty  votuaarily  participated  in  tins  esprtimnit 
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Table  I 

The  Consonants  and  Strings  Assigned  to  the  Four  Experimental 
Conditions  Used  in  Experiments  1  and  l A 


Strug  frequency 


Consonant 

frequency 

High  (6) 

Low  (3) 

Consonants  Strings 

CMhqoibu 

Striogt 

High  (12) 

N.P.W  MVP 

WENY 
NtPO 

SJ.M 

SUMY 

EMSA 

BOIM 

UUBY 

ASEB 

OBIS 

Uw<(6) 

X.H.G.C.KF  POCY 
AGIF 
HUXE 

Z.TXM.V.D 

ZAKY 

TtDU 

OLEV 

UZIL 

KEDO 

YXTY 

Design.  The  experiment  was  conducted  ia  three  phases.  Phase  I  in- 
vuftnd  praesting  a  mquenee  of  71  imm  annas  at  one  of  three  exposure 
dunham.  Ia  Phme  2.  mdmeudmt  ranps  of  mhjwn  judged  the  frequency 
of  occurrence  far  either  the  nriagi  or  the  Isoms  cnmpwjng  them.  Only 
subjects  judging  letter  freqnrnry  during  Phnm  2  purnripatsd  in  Wiese  3. 
which  involved  recalling  me  nriagi  pie  lied  during  Pham  I.  The  or¬ 
thogonal  combination  of  the  three  esporuie  daretiont  md  the  two  fre¬ 
quency  judgam  conditions  (tetter  vs.  suing)  gsncraad  six  between-sub- 
jeet  experimental  conditions  TVwive  subjeca  wen  randomly  assigned  to 
awb  oandmeu.  The  mmuta.  which  wepnnmwd  ia  Tahir  I.  ewe  dm ignrri 
such  that  the  orthogonal  combination  of  tas>  variables.  high-  vonus  low- 
frequency  letten  and  legh-  versus  low  frequency  strings  produced  four 


Stimuli.  The  initial  sup  in  gsnanuag  the  stiuliwmmamwi  three 

tcnsaisanto  mthofttittwolif  Irorv  frequency  conditions  The  «wragr 
frequency  of  mage  ia  Fnglish  (Manner  A  Trendt.  1965)  woe  virtually 
identical  for  the  four  sea  of  rreimrianu.  The  ftve  vowels,  plus  Y.  acre 
then  combined  with  the  consonants  to  produce  the  IS  artbagraptucaUv 
regular,  four  letter  nriagi  premuad  ia  Table  I. 

hi  the  high-teuwfrequcncy,  hqb-sgmg-ftequmcy  condmoa  each  Bring 
«w  prammed  i  total  of  ns  tunes  Because  each  consonant  in  this  ooudroon 
appeared  ia  ten  different  Brings,  each  was  presented  a  total  of  12  times. 
Ia  the  kuMencrfiequency,  tugb-stnag-frequency  condition,  each  string 
ww  again  presented  su  times,  but  now  each  consonant  sppnued  ia  only 
one  miag.  As  a  tenth,  each  wts  premated  a  total  of  rix  times.  The  acme 
logic  was  sppiitd  ia  the  two  remaining  somuhis  conditions  Following 
this  procedure,  1 1  strings  wen  constructed.  Six  were  presented  su  umes 
each  sad  12  sane  presented  three  tunas  mch.  producing  t  total  of  72 
annuli  As  cm  he  mm  ia  Table  1,  consonants  that  appeared  in  two 


is  combination  with  different  voeelr  and  oaaeonams  Each  vowel  in¬ 
cluding  Y.  mpmred  mostly  often;  too  voveli  were  always  combined 
with  two  consonants  The  Brings  were  all  typed  ia  uppw  case,  letter 
Oorhic  type  font 

None  of  the  Briap  umd  ia  the  operimmt  owe  Eagbsh  wends.  Howevet 
moB  could  be  oonvowd  to  words  by  chmgug  the  identity  of  a  angle 
learn  tearing  petition  unchaagrt  (e-g,  WENY  could  beecoe  WEST). 
The  strings  astigned  to  the  four  experimental  conditions  were  matched 
ia  that  two  thirds  of  the  hems  ia  mch  condttioe  could  he  eaavaiad  to 
Engfab  worts  by  Chmgiag  one  team 

Procedure.  The  72  miam  were  peummad.  ia  imdtam  ardm  at  one 
afthrmpnmamtim  ram.  The  ftnsarme.  which  emarnmnd  by  hohfcag 
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Trite  2 

Judgments  if  Ltasr  Frvmmcy:  The  Proportion  of  “12"  Responses 


Expoaara 

in  hi|b-frtqiracy  snap 

rwQuwcy  of  letten 
ia  kaMraqumy  ftriap 

Letter  frequency  liar  all  snugs 

duranos 

(s) 

12 

6 

12-6 

M 

12 

6 

12-6 

M 

12 

6 

12-6 

M 

*2 

.70 

26 

.44 

.44 

.44 

£xpcnont  1 

22 

22 

33 

37 

24 

.33 

.41 

12 

26 

.17 

.19 

27 

39 

24 

.15 

32 

.38 

21 

.17 

.30 

02 

.42 

23 

-.11 

.46 

.40 

25 

.15 

33 

.41 

.39 

.02 

.40 

M 

.49 

32 

.17 

.41 

.41 

24 

.17 

23 

.43 

28 

.17 

.37 

02 

.41 

.47 

.01 

.41 

.44 

Experitotat  IA 
.42 

.02 

.43 

.46 

.43 

.01 

.46 

Non.  The  proportion  of  “12"  retpoma  nftn  to  too  often  subjects  judge  «  letter  to  to*  occurred  12  nther  this  6  tuna. 


the  advance  bunco  on  tht  Kodak  CitoumI  projector  ia  t  depressed  po- 
noon,  ranted  ia  aa  expense  duraooo  of  approxiasaidy  02 1  per  striae 
tad  •  duraaoa  of  *rt— ■*"*— **y  0.1  ■  benma  exposures  Tht  iktMr 
two  prm mint  mo  ntahad  ia  cxpoaire  riniatinat  of  approximately 

iprrrmn— >yOJtTht  piqitLiadwidthoftacfaanat'OMtctirOTimtitty 
13  cm.  Each  Imr  aw  apprcnimualy  12  as  wide.  Because  tht  expw- 
imtrn  — t  ponrtacad  it  daaroona.  tin  vaatl  tafte  marcepred  by  each 
■riai  stated  Uroto  sahserx  to  subject  bat  mat  Mar  irctur  data  3.p*. 
Prior  to  (bt  pnamsoa  of  tbt  tmae*.  each  poup  of  subjects  a  in¬ 
structed  to  try  to  remember  tbe  infannaooo  pnteaiad  aa  tbt  tenet. 
Then  tan  no  datetwat  martrnint  whether  subjects  should  tntad  to 
individual  letan  or  snags  aad  no  iadicmtiaeibai««  would  subsequently 
atom  frequency  of  occurmot  iaibnaastoa. 

Followmg  tbt  pnfitenito  of  the  nrtap.  subjects  ia  aiuroatt  teats 
"vw  isagasd  »  no  group*  One  poop  made  deetaom  about  rnniontnt 
frequency  the  osbviraup  stout  srtnalraquaBcy.  Booklets  acre  prepared 
with  oat  mownaei  (or  strata)  per  pap.  aacb  booklet  compnang  a  dif¬ 
ferent  nadoet  ordn  Subjects  judging  anna  frequency  wen  required  to 
circle  ehber  tbt  “3"  or  “6"  typed  above  eadt  unaf.  Subjects  judging 
letter  frequency  were  required  to  aide  tutor  tbe  “6"  or  “12”  typed 
eba«e  etch  neitteiant  Following  that  response*.  subjects  io  the  letter 
(oaaaooaat)  judgment  eoaditioa  were  iaseruoad  to  retail  at  taaay  arise 


Results 

Letter-frequency  judgmems.'  The  overall  percentage*  of  letter 
frequency  judgments  that  e*re  correct  were  67%,  59%,  and  52%, 
in  the  4-2-,  12-.  and  02-t  conditions.  respectively.  These  data 
indicated  that  tubjeett  could  di«Timiw«r»  letter  frequency  for 
the  4-2-t  and  12-t  exposures  (chance  «u  50%  correct),  but  fre¬ 
quency  discrimination  following  the  0.2-t  exposures  *u  equiv¬ 
ocal.  Average  performance  in  the  latter  condition  wet  dose  to 
chance  (52%  correct),  with  subjects  performing  below  dance 
(4J%)  for  letters  from  high-frequency  strings  and  above  chance 
(58%)  for  letten  from  low-frequency  strings. 

For  purpoeea  of  analysts,  the  dependent  variable  was  the  pro¬ 
portion  of  subjects'  rmponam  for  which  letten  were  judged  to 
have  occurred  12  times  (half  the  letten  were  presented  12  times, 
half  6  times).  This  mwmre  allowed  us  to  determine  whether 
Ietter4equency  judgments  (a)  discriminated  between  high-  and 
low-frequency  lettan  (aa  i—k—mh  by  positive  12-6  difference 


scores),  and  (b)  were  biased  by  the  frequency  of  the  strings  con¬ 
taining  the  letten  (as  indicated  by  the  mean  proportion  of  “  1 2” 
judgment!  at  each  level  of  string  frequency).  These  results  are 
summarized  in  Trite  2.  In  -a**"0"  to  showing  tht  previously 
described  effect  of  exposure  duration  oo  disenminatioo  accuracy, 
the  dam  in  Table  2  indicate  a  general  bias  to  judge  letten  as  low 
in  frequency. 

Aa  analysis  of  variance  (anova)  an  the  proportion  of  “12" 
rujMuiea  in  subjecta’  letter  judgment!  indicated  that  there  was 
a  significant  interaction  between  the  effects  of  letter  frequency 
and  exposure  duration.  Ft 2.  33)  ■  6.20,  p  <  .01,  MS  *  .045. 
Teats  of  simple  effects  indicated  that  the  effect  ofletter  frequency 
wet  djmfc-»nt  for  the  4.2-*  and  12-*  exposure  durations,  ft  I. 
33)  -  2B.32.  ft 1. 33)  -  24.08,  p  <  .01, MS.  -  .045.  respectively, 
but  wi  not  significant  for  the  02-s  exposure  duration,  ft  1. 33)  < 
1.0.  MS,  -  .045.  High-  and  low-frequency  letten  «w  not  dif¬ 
ferentiated  more  accurately  when  they  were  presented  in  high- 
frequency  compared  with  low-frequency  strings.  That  is.  the  in¬ 
teraction  between  letter  frequency  and  string  frequency  was  not 
significant,  ft  I,  33)  <  1.0.  MS,  -  .086.  The  three-way  interaction 
between  exposure  duration,  letter  frequency,  and  string  frequency 
also  was  not  significant.  Ft2.  33)  ”  2.00.  p  >  .05,  MS.  -  .086. 

With  regard  to  response  bias,  the  main  effect  of  string  fre¬ 
quency,  ft  1, 33)  -  5.63,  p  <  .05,  MS  "  .042.  and  the  interaction 
between  siring  frequency  and  exposure  duration,  ft 2, 33)  -  3.63. 
p  <  .05,  MS  ■  .042.  were  significant  The  latter  two  effects  were 
obtained  because  frequency  judgments  were  biased  to  be  rda- 
tiveiy  high  for  letters  from  high-frequency  strings,  at  least  for  the 
4.2-s  and  02-s  exposure  durations.  This  bias,  which  **s  smaller 
and  unreliable  in  the  replication  reported  in  Experiment  IA. 
did  not  directly  contribute  to  the  discrimination  of  letter  fre¬ 
quency  became  string  frequency  and  letter  frequency  were  varied 
orthogonally  in  both  experiments. 

A  further  analysis,  in  which  the  letten  used  in  the  experiment 
replaced  subjects  as  the  random  variable  in  the  anova.  indicated 
that  the  results  were  genenlixable  over  the  letten  used  in  the 
experiment'  The  interaction  between  letter  frequency  and  ex- 


1  Became  tht  txpwtMM  was  dnsgaad  wim  dlBfecm  ouastoss  of  tanas 
tanned  to  tha  high-  and  km-ftequwey  fdhwaa.  w«  pwfcrnwd  a  haw- 
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Table  3 

Judgments  of  String  Frequency:  The  Proportion  of  "6  "  Responses 

Frequency  of  Brines  with  Frequency  of  struct  with 


Exposure 

high-frequency  letters 

low-frequency  letters 

String  frequency  for  all  letters 

duntioo 

(•) 

6 

3 

6-3 

M 

6 

3 

6-3 

M 

12 

6 

6-3 

M 

4.2 

.75 

26 

.49 

SI 

.11 

Experiment  1 

.14 

.67 

.41 

.71 

20 

28 

.49 

12 

.81 

29 

.52 

.55 

.11 

21 

.4} 

.60 

.11 

.34 

.47 

28 

02 

.67 

.43 

24 

.55 

.84 

.36 

.48 

.60 

.76 

.40 

26 

28 

M 

.74 

23 

.41 

24 

.82 

29 

23 

26 

.78 

21 

.47 

25 

0.2 

.67 

.37 

20 

.52 

.79 

Experiment  IA 
.46 

23 

.63 

.73 

.42 

.31 

28 

Sou.  The  proportion  of  "6"  responses  refen  to  how  often  subjects  judge  a  letter  to  have  occurred  i  rather  than  3  times. 


posure  duration  was  again  significant.  FT2.  28)  -  8.21.p<  .005. 
MS, «  .011.  Tests  of  simple  effects  a|ain  indicated  that  the  effect 
of  letter  frequency  was  significant  at  the  4.2-s  and  1  2-s  exposure 
durations.  FU,  28)  -  39.56.  f[l.  28)  •  1 124.  p  <  .005.  MS,  - 
.011,  respectively,  but  not  the  0.2-s  exposure  duration.  FT  1 , 4J)  < 
1.0.  MS,  •  0.1 1.  Once  again,  the  interaction  between  letter  fre¬ 
quency  and  string  frequency  was  not  significant.  FT  1,  42)  <  1.0, 
MS,  -  .020.  but  the  main  effect  of  string  frequency,  FT  1 .  28)  ■ 
4.39.  p  <  .05,  MS,  “  .020,  and  the  interaction  between  exposure 
duration  and  string  frequency,  FT 2,  28)  ”  6.38.  p  <  .01.  MS,  “ 
.01 1.  were  significant.  The  one  difference  from  the  analysts  in 
which  subjects  was  the  random  variable  was  that  the  three-way 
interaction  between  exposure  duration,  letter  frequency,  and 
siring  frequency  was  now  significant.  FT2,  28)  “  5.50.  p  <  .05. 
MS,  ”  .01 1.  This  interaction,  which  was  not  reliable  over  the 
full  set  of  peraetpanng  subjects,  reflected  the  relatively  small 
effect  of  exposure  duration  on  frequency  diacruniaabtlity  for 
letters  from  low-frequency  strings.  This  insensitivity  to  exposure 
duration  may  have  been  the  result  of  performance  being  relatively 
poor  isi  "floor”)  for  the  letters  from  low-frequency  strings.  Our 
clearest  evidence  for  successful  letter-level  frequency  discrimi¬ 
nation  (and  its  elimination  at  brief  exposure  durations)  was  ob¬ 
tained  for  letters  from  high-frequency  strings. 

The  above  analyses  indicated  that  subjects  could  discriminate 
high-frequency  from  low-frequency  letters  for  1.2-  and  4.2-s  ex¬ 
posure  durations.  It  remained  possible,  however  that  their  judg¬ 
ments  of  letter  frequency  were  based  on  the  activation  of  global- 
level  memory  units  (Le..  strings)  containing  the  letters  rather 
than  the  retrieval  of  letter-level  frequency  inf  ormation.  To  eval¬ 
uate  this  possibility,  letter  frequency  judgments  were  compared 
at  the  l  .2-s  and  4 ,2-s  exposure  durauons  for  high-frequency  con¬ 
sonants  embedded  in  low-frequency  strings  and  low-frequency 
consonants  embedded  in  high-frequency  strings  (these  data  are 


■tuares  analysis  of  these  data.  A  different  subset  of  letters  **s  assigned 
to  the  four  mtnulus  conditions  generated  by  the  orthogonal  combination 
of  letter  frequency  and  string  frequency.  The  latter  were  therefore  treated 
as  between  fheton  in  the  aaafytis.  lecture  ench  letter  was  presented  at 
ail  three  etpoeun  durations,  capoeure  duration  *os  treated  ea  a  within 
fbcior  in  the  matyfe  The  sum  uprendi  was  taken  for  the  other  item 
unfysee  repotted  in  tins  experiment 


part  of  the  full  data  set  presented  in  Table  2).  If  Inter-frequency 
judgments  were  based  on  the  activation  of  strings  containing 
either  high-  or  low-frequency  consonants,  differences  in  string 
frequency  would  have  favored  the  activation  of  ■rings  containing 
low-frequency  letters.  Nonethelesa.  high-frequency  letters  were 
judged  as  higher  in  frequency  than  low-frequency  letters  for  both 
the  12-s  exposure  duration.  ff  11)  -  3.74,  p  <  .005.  and  for  the 
4.2 -j  exposure  duration,  ffl  1)  ■  2.57,  p  <  .05. 

String-frequency  judgments.  The  overall  percentages  of  string 
frequency  judgments  that  were  correct  were  80%,  79%.  and  68%, 
in  the  42-.  12-,  and  02-s  conditions,  respectively.  The  proportion 
of  responses  for  which  the  Brings  were  judged  to  have  occurred 
six  times  (half  the  strings  had  been  presented  six  times,  half  three 
times)  are  presented  in  Table  3.  It  can  be  seen  from  the  6-3 
difference  scores  that  subjects' judgments  discriminated  between 
the  two  levels  of  string  frequency  at  all  three  exposure  durations. 
It  can  also  be  seen  from  the  mean  proportion  of  "6”  responses 
in  Table  3  that  differences  in  letter  frequency  introduced  little 
response  bias  into  subjects'  judgments  of  string  frequency. 

An  an  ova  was  performed  in  which  frequency  judgments  were 
contrasted  for  high-  and  low-frequency  strings,  which  in  turn 
were  composed  of  high-  and  low-frequency  letters.  The  analysts 
indicated  that  the  effect  of  string  frequency  on  the  proportion 
of  ”6"  responses  in  subjects'  string  judgments  was  significant. 
FT1,  33) "  1 07.07,  p  <  .001.. V/&  ■  .074.  This  effect  was  obtained 
for  all  three  exposure  durations:  the  interaction  between  exposure 
duration  and  string  frequency  was  not  significant.  Ft 2.  33)  ■ 

1 .96.  p  >  .05,  MS,  “  .074.  Although  string-frequency  judgments 
were  slightly  higher  for  the  low-tetter-frequency  than  the  (tigh¬ 
tener-frequency  condition,  the  main  effect  of  letter  frequency 
was  not  significant.  F\l.  33)  <  l .0.  MS,  -  .035.  Two  interactions 
were  marginally  significant.  The  three-way  interaction  between 
string  frequency,  letter  frequency,  and  exposure  duration.  Ft 2. 
33)  »  3 20,  MS,  “  .026.  barely  reached  significance  at  the  .05 
level.  The  interaction  between  string  frequency  and  letter  fre¬ 
quency,  FT  1, 33)  •  4.09,  MS,  • .026,  foil  just  short  of  significance 
at  the  .05  level  These  interactions  may  have  been  due  to  un¬ 
controlled  characteristics  of  some  of  our  items  (eg,  certain  items 
may  have  been  more  likely  than  others  to  remind  subjects  of 
familiar  words).  This  wet  suggereed  by  the  rmults  of  an  additional 
a  nova  in  which  items  replaced  subjects  as  the  random  variable. 


i 
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Table  4 

Probability  of  a  Lttttr  Being  Present  in  at  Least  One  String  Recalled  by  a  Subjta  (Experiment  l ) 


Expoaurt 

duration 

(s) 

Frequency  of  letten 

In  high-frequency  strings 

Frequency  of  fatten 
in  low  frequency  strings 

Letter  frequency  for  all  strings 

12 

6 

12-6 

M 

12 

6 

12-6 

M 

12 

6 

12-6 

M 

42 

.11 

J3 

21 

.67 

.64 

.40 

24 

.52 

.73 

.47 

26 

60 

12 

.50 

.47 

.0) 

.49 

.31 

.14 

.44 

.36 

.54 

41 

43 

.43 

02 

.61 

.31 

.30 

.46 

.14 

0 

.14 

.07 

41 

.16 

22 

.27 

M 

.64 

.44 

20 

.54 

.45 

.11 

.27 

42 

.53 

41 

24 

.43 

The  results  of  this  item  analyst  again  indicated  that  the  effect 
of  sains  frequency  on  the  proportion  of  “6”  responses  was  sig¬ 
nificant.  FTl,  14)  ■  79.53.  p  <  .001,  MS,  “  .033.  and  the  inter¬ 
action  between  string  frequency  and  exposure  duration  was  not 
significant  FT2,  28)  •  2 .09,  p  >  .05,  MS,  ■  .026.  However 
neither  the  interaction  between  string  and  letter  frequency.  FT  1. 
14)  -  1.22.  p  >  .05.  MS,  •  .033.  nor  the  three-way  interaction 
between  soing  frequency,  letter  frequency,  and  exposure  duration. 
FT 2,  28)  “  122.  p  >  .05.  MS.  »  .026.  was  stgni&camly  ganer- 
alizabte  over  the  items  used  in  the  experiment.  The  interaction 
effects  obtained  with  subjects  serving  as  the  random  variable 
were  thus  limited  to  a  relatively  small  number  of  strings  in  the 
stimulus  list. 

The  results  obtained  for  the  0.2-s  presentation  duration  in¬ 
dicated  that  string  frequency  could  be  discriminated  under  con¬ 
ditions  that  prohibited  the  retention  of  letter  frequency  infor¬ 
mation  (subjects'  frequency  judgments  following  the  0.2-s  ex¬ 
posures  did  not  discriminate  between  the  two  levels  of  letter 
frequency).  This  evidence  that  frequency  judgments  for  strings 
were  wx  based  on  the  frequency  of  occurrence  of  their  constituent 
letters  was  supplemented  by  the  following.  At  each  exposure 
duration,  string-frequency  judgments  were  compared  for  high- 
frequency  strings  composed  of  low-frequency  letters  and  low- 
frequency  strings  composed  of  high-frequency  letters.  If  string- 
frequency  judgments  were  based  on  the  frequency  of  occurrence 
of  the  letten  composing  each  string,  differences  in  letter  frequency 
would  have  favored  judging  the  low-frequency  strings  as  high  in 
frequency  (the  relevant  dam  are  part  of  the  full  daa  set  presented 
in  Table  3).  Nonetheless,  high-frequency  strings  were  judged  as 
higher  in  frequency  than  low-frequency  strings  at  the  0.2-s  ex¬ 
posure  durasost.  t(l  1)  -  6.87.  p  <  .001.  the  1.2-s  exposure  du¬ 
ration.  dll)- 7.65.  p  <  .001,  and  the  4.2-s  exposure  duration, 
K 1 1)  •  4.32, p<. 005. 

Free  recall  As  indicated  earlier,  subjects  who  judged  letter 
frequency  were  subsequently  asked  to  recall  as  many  strings  as 
possible.  Our  reason  for  doing  this  was  to  determine  whether 
subjects'  letter-frequency  judgments  were  derived  from  activated 
memory  representations  for  previously  seen  strings.  For  each 
letter  we  computed  the  proportion  of  subjects  for  whom  the  letter 
appeared  in  at  least  one  correctly  recalled  string.  As  can  be  seen 
from  the  mean  values  in  Table  4,  we  obtained  the  expected  dif¬ 
ference  in  probability  of  recril  between  high-  end  low-frequency 
letters;  high-frequency  letten  appeared  more  often  in  correctly 
recalled  strings  than  did  low-frequency  letters.  This  difference 
was  expected  because  high-frequency  letten  occurred  in  more 
strings  than  low-frequency  letten.  What  was  important,  however, 


was  that  this  difference  was  virtually  identical,  when  averaged 
over  string  frequency,  for  each  of  the  three  exposure  durations.1 
An  anova.  with  the  letten  used  in  the  experiment  serving  as  the 
random  variable,  indicator!  that  wrings  with  high-frequency  letten 
were  recalled  significantly  more  often  than  strings  with  low-fre¬ 
quency  letters.  FT1,  14)  ■  104.57,  p  <  .001,  MS,  "  .007.  The 
effect  of  exposure  duration  on  string  recall  was  significant  FT 2. 
28)  •  27.24,  p  <  .001,  MS,  -  .017,  but  neither  the  interaction 
between  letter  frequency  and  exposure  duration.  FT2.28)<  1.0. 
MS.  “  .017.  nor  the  interaction  between  letter  frequency  and 
string  frequency,  FTI.  14)  «  2.13.  p  >  -05,  MS.  “  .007,  wes 
significant  Finally,  the  three-way  interaction  between  exposure 
duration.  letter  frequency,  and  string  frequency  wns  significant 
FT 2,  28)  -  5.44.  p  <  .02.  MS,  •  .017.  These  was  no  obvious 
explanation  for  this  interaction.  It  is  worth  noting,  however,  that 
the  data  pattern  lending  to  the  interaction  did  not  match  the 
patters  obtained  for  judgments  of  letter  frequency. 

The  results  obtained  from  this  analysis  of  subjects'  recall  pro¬ 
tocols  stand  in  contrast  with  the  significant  interaction  between 
letter  frequency  and  exposure  duration  that  was  obtained  when 
we  assessed  subjects'  judgments  of  frequency  of  occurrence  for 
individual  letters.  Subjects'  frequency  judgments  differentiated 
among  the  high-  and  low-frequency  letten  for  the  4.2-s  and  I  2- 
s.  but  not  for  the  0.2-s  exposure  duration.  This  interaction  was 
not  obtained  for  the  recall  data.  Subjects  recalled  more  strings 
with  high-frequency  letten  than  strings  with  low-frequency  letters, 
even  at  the  briefest  exposure  duration.  If  subjects’  frequency 
judgments  for  letten  were  based  on  whether  or  not  they  could 
recsll  a  lener  string  containing  the  letter  being  judged,  they  would 
have  been  u  accurate  discriminating  letter  frequency  for  the  0.2- 
s  exposure  duration  u  they  were  for  the  1 .2-t  and  4.2-s  exposure 
durations.  The  case  wts  particularly  clear  for  letten  from  high- 
frequency  strings  For  0.2-s  exposures,  subjects  were  clearly  un¬ 
able  to  judge  the  frequency  of  occurrence  for  these  letten  (see 
Table  2).  However;  it  can  be  seen  from  the  recall  analysis,  sum¬ 
marized  in  Table  4.  that  this  combination  of  conditions  (i.e— 
high-frequency  strings,  0.2-s  exposures)  provided  the  greatest 
potential  for  subjects  to  base  discriminative  tetter-frequency 
judgments  on  the  activation  of  memory  representations  for  pre¬ 
viously  seen  strings.  Yet,  successful  letter-frequency  discrimi¬ 
nation  was  not  obtained. 


*  A  separate  analysis  waaperfartned  farmings  that  ware  Ustad  in  uib- 
jects'  recsll  but  did  not  turieapoad  with  mins*  that  wart  previoudy 
presented.  High-  ad  low-Aequmey  Mm  appeared  equally  often  ia  dm* 
incorrectly  recalled  ton*  miaga 
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Aa  alternative  venian  of  the  strategy  daniaed  above  it  one 
in  which  frequency  judgments  ere  baaed  on  whether  or  not  sub¬ 
ject*  can  recall  more  than  ooc  string  containing  the  letter  being 
judged.  Accordingly,  the  likelihood  of  a  subject  judging  that  a 
letter  occurred  12  rather  than  6  tuna  would  increase  when  the 
subject  recalled  more  than  one  string  containing  the  letter.  As 
above,  the  potential  utility  of  this  strategy  stems  from  high-fre¬ 
quency  letters  occurring  in  more  different  strings  then  low-fre¬ 
quency  letters.  Multiple  recall  wa  therefore  more  likely  lor  the 
high-  than  the  low-frequency  letters. 

In  parallel  with  the  preceding  analysis,  we  computed  the  pro¬ 
portion  of  subjects  for  whom  each  letter  appeared  in  at  least  two 
correctly  recalled  strings,  la  contrast  with  the  preceding  analysis, 
a  letter  eppeued  in  more  then  one  correctly  recalled  string  very 
infrequently.  The  mean  probabilities  of  multtpie-krter  recall  av¬ 
enging  across  high-  and  low-frequency  letters,  tore  .02.  .06, 
and  .17  for  the  brief,  intermediate,  and  long  presentation  du¬ 
rations.  respectively.  These  probabilities  were  too  low  to  permit 
the  comparison  of  high-  end  low-frequency  tetters  that  was  the 
basis  for  the  preceding  analysis.  Instead,  we  deleted  subjects' 
frequency  judgments  for  letters  that  subsequently  appeared  in 
more  than  one  of  their  correctly  recalled  Brings.  The  remits  for 
judgments  of  letter  frequency  remained  the  same.  Thus,  there 
wns  no  support  for  the  hypothesis  dot  subjects’  frequency  judg¬ 
ments  for  letters  were  based  on  the  number  of  Brine  they  could 
recall  that  contained  the  letter  being  judged. 

Experiment  1A 

The  evidence  obtained  when  the  exposure  duration  was  0.2  s 
showed  that  subjects  could  accurately  judge  Bring  frequency  un¬ 
der  conditions  that  prohibited  accurate  discrimination  of  letter 
frequency.  The  purpose  of  this  experiment  was  to  rephrase  that 


Method 

As  inchested  above,  the  exposure  duration  w«s  0.2  s  per  seine  (the 
time  here  wen  exposures  remained  at  approximately  0.S  i).  The  design 
and  procedure  ware  identical  to  Experiment  I.  A  sroup  at  32  eubiacts 
voluntarily  p»»wvp««wi  m  the  experiment.  All  were  emdean  tn  sa  un¬ 
dergraduate  psychology  dm  a  Florida  Atltaiic  Unready.  Half  judged 
hater  frequency  end  half  judged  suing  frequency. 

Results 

Letter-frequency  judgments  The  overall  percentage  of  letter- 
frequency  judgments  that  were  correct  was  52*,  which  was  ef¬ 
fectively  at  chance.  The  proportions  of  response*  for  which  the 
letters  were  judged  to  hare  occurred  12  tuna  ere  presented  in 
Table  2.  As  in  tbe  brief  exposure  condition  of  Experiment  1, 
subjects' judgments  did  not  differentiate  benreen  lenen  presented 
12  tima  end  leans  ptaemed  6  tfana  (their  proportion  of  correct 
frequency  judgments  woe  at  chance).  This  was  the  case  for  letters 
from  both  high-  and  low  frequency  strings.  An  anova  on  the 
proporoao  of  ‘‘12’’  response  in  subjects'  letter  judgments  in¬ 
dicated  that  the  effect  of  letter  frequency,  FU.  13)  <  1.0,  MS,  - 
•042,  the  eftet  of  Bring  frequency,  FU,  IS)  <  1.0,  MS.  -  .090, 
and  the  taenedon  benreen  lena  frequency  and  Bring  frequency, 
FU.  !5)<  l  JO,  MS, »  .053,  were  act  significant.  Identical  results 


were  obtained  when  tbe  letters  used  in  the  experiment  replaced 
subjects  a  tbe  random  variable  in  tbe  anova.  TIb  effects  of 
letter  frequency,  string  frequency,  and  the  interaction  between 
letter  frequency  and  Bring  frequency  were  not  significant.  FT  1, 
14)  <  1.0,  MS.  -  .024  (for  all  of  the  above). 

Stringjrequency  Judgments.  The  overall  percentage  of  string- 
frequency  judgments  that  were  correct  was  66%.  The  proportions 
of  responea  for  which  the  strings  were  judged  to  here  occurred 
six  tunes  ere  presented  is  Table  3.  Asia  Experiment  1,  subjects' 
roponsa  differentiated  between  the  Brings  presented  six  lima 
tod  tbe  strings  prerented  three  tima,  An  anova  indicated  that 
the  effect  of  string  frequency  on  the  proportion  of “6”  roponsa 
in  subjects'  string  judgments  tws  significant  FU.  15)  ■*  27.33. 
p  <  .001,  MS,  •  .031.  Although  Bring  frequency  judgments 
were  ugniftnamly  higher  for  strmg*  with  low-frequency  compared 
to  high-frequency  letters.  FU,  IS)  “  5.06.  p  <  .05.  MS, m  .034, 
the  extern  to  which  subjects'  judgments  discriminated  between 
tbe  two  levels  of  Bring  frequency  re  not  affected  by  tbe  fre¬ 
quency  of  tbe  lenos  composing  tbe  strings.  That  is.  the  inter¬ 
action  between  letter  frequency  and  string  frequency  was  not 
significant.  FU,  IS)  <  1.0,  MS,  -  3)23.  Similar  results  were 
obtained  when  items  replaced  subjects  a  the  random  variable 
in  the  anova.  The  effect  of  Brag  frequency  was  significant  FT  I , 
14) -  1 1 .42.  p  <  .005,  MS.  -  .035,  and  tbe  interaction  between 
Bring  frequency  and  letter  frequency  was  not  significant.  FU, 
14)  <  1.0.  .W%  -  .033.  In  contras  to  tbe  analysis  with  subjects 
serving  a  the  random  variable,  tbe  main  effect  of  letter  frequency 
wu  mx  significant.  FU,  14)  -  1.17,  p  »  .05.  MS.  -  .035.  The 
final  analyas  contrasted  frequency  judgment*  for  high-frequency 
Brings  oorapoard  of  low-frequency  letters  with  low-frequency 
Brings  composed  of  high-frequency  letter*.  Judgment*  were  sig- 
mficandy  higher  for  the  high-frequency  strings,  ef  1 3)  -  7.09. 
p<  .001. 

Discussion 

The  results  closdy  replicated  those  obtained  in  the  comparable 
0-2-t  exposure  duration  of  Experiment  1;  subjects'  judgment* 
discriminated  Bring  frequency  under  conditions  that  prohibited 
the  discrimination  of  letter  frequency.1  Subjects  could  not  have 


1 A  pownhal  objaraoo  to  this  condunoo  was  that  subjects  may  have 
hod  lmot4sdgaoflcBa'frreusDcy  far  bntfly  promoted  saiaq.  but  it  was 
more  difficult  to  discriminate  12  from  6  treats,  a  required  fix  individual 
letters,  thss  it  are  to  dacriminme  6  from  I  crests  as  was  required  for 
smogs.  Aa  wtrtmrwal  experiment  vres  conducted  to  evaluate  this  po»- 
bsfoy.  The  seimflli  ia  this  experiment  wwe  adividusl  host*,  half  of  which 
wore  primmed  12  times  each  tad  half  premoted  6  tames  each.  The  ex- 
poem  durance  was  0  J  a  The  results  of  tit  experiment  indicated  that 
tbe  ddfaroce  is  the  preportioo  of  *12”  response  between  the  higb- 
froqureey  team  <A5)  red  tow-frequency  Mas  ( 42)  woe  comparable  to 
the  difference  i*  fee  pnmoruou  of  “t"  reginiw  between  dsc  hqfa- tod 
la  frequency  smogs  ia  the  02-e  eepoeure  conditions  of  Experiments  1 
red  IA.  We  could  thsrefuw  rule  out  the  pombility  that  sebjecn  foiled 
•o  discrioiiame  Bob  (raquency  far  0-2-s  expoeum  ia  Experiments  1 
— t  lAbeceuwcftherehcre  iweiivihj  rjahratadacrimiBaiiag  benreen 
12  red  6  ereata  Although  mreral  expfonauoee  are  powibic.  it  mems 

leBBS  we  dee  primorilj  to  dm  refosre  mm  of  retmasag  iaformerinn 
for  one  Bring  refadre  so  raosasag  iafermaore  far  tow  independent. 
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baaed  their  judgments  of  urine  frequency  on  the  frequency  of 
occurrence  of  tbs  component  letten  became  they  appnrcnity 
had  no  kaowtedgi  of  the  letter  frequencies. 

One  aapect  of  tbe  data  that  iadiAcult  to  explain  is  that  stringi 
tended  to  be  judged  Usher  in  frequency  when  they  nest  com¬ 
posed  of  low-frequency  competed  with  high-frequency  letten. 
This  difference,  which  was  not  in  Experiment  1.  did 

not  directly  contribute  to  the  discrimination  of  letter  frequency 
because  string  frequency  and  letter  frequency  wore  varied  or¬ 
thogonally  in  both  experiments.  In  addition,  the  direction  of  the 
difference  ms  apposite  what  wnttld  be  expected  if  the  press  ace 
of  high-frequency  letten  in  a  string  biased  subjects  to  judge  the 
string  as  high  in  frequency.  Because  it  was  not  rebabie  when 
subjects  was  the  random  variable  in  the  analysis,  it  may  be  that 
the  effect  of  letter  frequency  on  string  frequency  judgments  was 
due  to  uncontrolled  differences  in  familiarity  among  some  of 
the  strings. 

Experiment  2 

The  purpose  ofthis  experiment  was  to  teplicase  sod  generaliac 
the  finding  that  letto-levd  frequency  information  can  be  ab¬ 
stracted  from  sequences  of  strings  containing  the  letten.  The 
replication  extended  the  results  of  Experiment  1  in  the  following 
ways  (a)  Subjects'  task  during  the  initial  presentation  of  the 
strings  involved  —Mug  a  lexical  (word/nonword)  derision  for 
each  item  rather  than  remembering  the  information  presented 
on  the  screen,  (b)  there  were  four  rather  than  two  frequency 
levels  for  the  taigas  letten.  (c)  instead  of  immediate  testing,  a 
30-min  defay  wea  introduced  between  the  initial  presentation  of 
the  strings  and  the  letter-frequency  test  and  (d)  a  parnai-cor- 
teiatien  procedure  was  used  to  show  that  subjects' ability  to  es¬ 
timate  letter  frequency  did  not  depend  on  their  frequency  cmi- 
mates  bang  besed  ao  the  number  of  strings  that  they  could  recall 
that  contained  the  letter  being  judged. 

Method 

Subjtets.  Sixteen  undersredume  students  ia  peyebotagy  desses  at 
Florida  Adamic  Unhersry  perbripmed  ia  the  experiment  Ear  which 
they  received  dees  credit 

Stimuli.  Sixteen  stem  selected  as  uepn  bans  for  the 

experiment  Far  one  sQmnha  ret  eight  of  the  tmgn  lentn  eppeeredoejy 
inctanmon,  feus  lean  words  and  the  otbn  eight  mp—red  only  in  pto- 
twunreeble  famfatnr  aonwonfa.  Each  set  of  eight  tenen  me  totter 
subdivide  iasa  faurmbeea  of  two  tenets,  with  each  suheet  setegned  to 
on*  of  fan  frequency  terete  (4, 1. 16.  sad  321  The  avenge  frequencies 
of  uaegt  fiat,  the  bertpwil  frequeociw)  ware  similar  Ear  each  pen  of 
leans  (tamed  on  the  Meytner  4  Trameit  1965,  norms).  For  the  secand 
mantas  set  the  eight  taqst  teems  (ppeeriog  in  worth  end  the  eight 
target  tenen  eppaariag  in  nenwerds  were  switched.  The  frequency  level* 
to  which  the  leans  mre  eenpred  set  eteo  -tianewl 

Ewry  wring  costrinad  eithn  one  or  two  tergn  team  A  terpt  letter 
seen  appeared  mare  then  once  in  my  wring,  end  each  terisg  eppeered 
only  once  in  each  mantas  mt  On*  shmutas  mi  had  100  words  sad  100 


■milt  waiter  oceatring  tedeta  Regmdtem  of  why  frequency  judgmenw 
feOad  to  dteerhaman  beream  fee  two  level*  of  lean  frequency  (far  leans 
embedded  in  nrinpl  enter  conditions  fbr  which  they  suecmtebQy  tfis- 
reimtaaied  haiwaan  the  two  terete  of  nriog  frequency,  w«  could  cnodude 
jjtejnfaMf  ftagaaney  jadgnman  tor  striam  were  not  derived  from  tha 


non  words.  The  other  snmutae  mt  had  *0  more  filter  items  (evenly  drifted 
between  word*  and  oocwordiX  which  were  nriap  rtnfr*^  — urtey  of 
aoamrpx  tenen.  Tb*  stria*  bteoapag  to  ereh  snautas  mt  wnre  premmed 
in  two  random  ordns  (one  order  wee  the  revtwe  of  the  otter),  resulting 
ia  four  different  mantas  taquaacm  Each  subject  wet  prteentl  out  of 
them  mquencm.  Letter  reprntions  ware  mpm  eiad  ia  each  samutas  w- 
quence  by  e  minimum  of  two  intervening  strings  Preceding  each  exper- 
itoestal  sequence  wwn  *0  randomly  ordnud  practice  strinp(  half  words 
half  Dcnwnrdsl  Neat  of  tha  pracoc*  anna*  «w*  prmanmd  aeon  than 
once,  and  none  iactadad  any  of  tha  mgn  teams. 


white  iter  Ste  on  monitor  tins  we*  controlled  by  a  Data  General  Edtp** 
campy  Each  nring  we  pram  ted  j««wt.«— «ii  rectangular  box  »«»« 
eiwayi  remained  on  the  men.  Tha  box  intercepted  a  visual  mete  od 
1.1*  varuealty  red  U'  boritanally-  Each  nri*  imerceptad  a  visual 
ingle  of  0.7*  vertically  and  IS*  horizontally  Ths  eapoenre  durance  for 
each  nring  ne  I  a  Tb*  imereheaulus  interval  waa  I  a  except  lor  the 
oncnteaeal  trials  far  which  the  mb)mt  required  men  than  1  t  to  respond. 
Then,  a  l-edteay  we*  iatrndncedtnwura  the  mtaieeft  response  and  the 
prrenirinn  oftteaen  mantas  Subyeae —re  provided  wnbtreipotne 
boaradiaenuemd  to  pram  the  button  mertmd  “yea"  iftte  nring  presented 
wu  •  word.  They  ware  to  pram  the  button  matted  “no”  if  the  nring 
prmanmd  waa  ant  a  word.  Suhjacn  ware  told  in  rmpond  a*  qoiddy  ea 
paanbie,  burn  heap  then  atmn  toe  minimum  (incorrect  rapoaen  mere 
hgnillnt  by  a  brief  gaah  at  the  renaagtiler  bon  on  tha  men).  They 
mearied  ao  iaanuedmn  marering  thn  there  would  be  my  eon  of  maaaory 
ml  Whan  arind  n  the  maduatee  of  the  enpmhnm.  ow  ef  the  origan 
indteand  ttee  they  cepacmd  to  taeaho  a  mtmory  ml  Inanoriag  bawne 


During  the  letmrfrequnecy  an.  eabjacn  ware  premnted  with  one  of 
two  madam  orders  of  ail  26  alphabet  lean  (on*  order  <n  the  reverse 


n  the  midpoiat  of  the 


mage  of  fraqaency  vehna  far  eg  the  tngn  end 
n(  is  thesnmulue  tequanoe.  For  twoaf  the  sun- 
e  of  letter  ftsqurnrinw*  I  to  90.  Forth*  lotiere 
the  nags  «n*  I  m  150.  Subjects  were  required 
spearing  an  the  nwnimr  upward  or  downward. 


to  adjust  the  number  appearing  on  the  monitor  upward  at  downward, 
wring  the  mme  response  bunoue  a*  in  the  precadiag  IcxmaMecnian  task, 
to  reflect  their  estimate  of  hre»  often  each  lean  appeared  own  the  entire 
sequence  of  strap.  They  wnre  prea  *11  the  tune  they  needed  far  each 
raeponee  before  the  next  letter  woe  prceentedL 


Results 

Mean  reaction  times  fbr  subjects  in  the  lexical-decision  task 
were  632  ms  for  “yes”  responses  sad  610  msec  for  “no"  re¬ 
sponses.  The  advantage  in  processing  time  for  “yes”  responses 
is  typical  of  the  lexical-decision  paradigm. 

Conditions  between  actual  letter  frequency  and  reri mated 
letter  frequency  were  computed  far  each  subject.  One  cnrrdssian 
was  computed  for  the  eight  target  letters  assigned  to  the  words 
sad  another  fbr  the  eight  target  letten  assigned  to  the  ooowords. 
The  mean  canelacioos  wnre  .41  for  the  mortis  and  .40  for  the 

nonworda.  The  overall  mean  was  significantly  greater  than  zero, 

413)  -  3.78,  p  <  .001  (of  the  32  correiatioo  coefficients  that 
were  computatl.  28  were  positive).4 
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As  m  Experiment  l,  recall  protocoii  were  used  to  evaluate  the 
hfcgjihood  dial  subjects'  letter-frequency  judgments  acre  based 
on  the  retrieval  of  global -level  memory  representations  of  the 
strings  containing  the  letters.  We  adopted  the  criterion  that  three 
of  tbe  four  letters  in  the  string  bad  to  be  correct  before  the  string 
was  considered  to  be  correctly  recalled  and  then  counted  tbe 
frequency  with  which  each  target  letter  appeared  in  a  subject's 
correct-recall  protocols.  These  recall  frequencies  were  correlated 
with  both  the  actual  and  estimated  letter  frequencies,  and  a  partial 
correlation  coefficient  was  computed  between  the  actual  and  es¬ 
timated  frequencies.  Using  this  procedure,  the  relationship  be¬ 
tween  actual  and  estimated  frequency  was  determined,  with  the 
effects  of  recall  frequency  held  constant  (McNemar  19621. 

Partial  correlation  coefficients  for  each  subject  were  computed 
separately  for  the  eight  target  letters  assigned  to  the  word  and 
the  eight  target  letters  assigned  to  tbe  nonwords.  The  mean  cor¬ 
relation  coefficients.  .46  for  the  words  and  .40  for  the  nonwords, 
were  not  statistically  different,  i(I5)  <  1.0.  However,  the  overall 
mean,  r  -  .43.  was  significantly  greater  than  zero,  hi  J)  ■  4.73, 
p  <  .001  (of  the  32  partial  correlation  coefficients  that  were  com¬ 
puted,  27  were  positive). 

Discussion 

The  results  of  this  experiment  extended  the  previously  reported 
evidence  for  the  abstraction  of  letter-level  frequency  information. 
Subjects'  cm  main  discriminated  between  the  frequencies  of  let¬ 
ters  as  they  appeared  in  both  words  and  pronounceable  nonwords 
during  a  lexical-decision  task.  The  partial  correlation  procedure 
showed  that  subjects'  success  at  letter-frequency  estimation  could 
not  be  attributed  to  the  derivation  of  their  esrimatn  from  the 
recall  of  the  strings  containing  the  letters.  Furthermore,  the  in¬ 
troduction  of  a  30- min  delay  between  the  presentation  of  tbe 
strings  and  the  letter-frequency  test  showed  that  the  tetter-fre¬ 
quency  information  was  stored  in  long-term  memory.  This  result 
paralleled  Warren  and  Mitchell's!  1980)  evidence  for  the  retention 
of  string-level  frequency  information  over  a  20- min  delay.  Sub¬ 
stantial  loses  in  string-level  frequency  information  have  been 
reported  for  1-week  delays  (Underwood.  Zimmerman,  i  Freund. 
1971 ).  Whether  or  not  extended  delays  would  result  in  similar 
losses  in  abstracted  letter-level  frequency  information  remains 
to  be  determined. 

General  Discussion 

Our  basic  evidence  for  the  storage  of  element-level  units  was 
that  high-frequency  tetters  were  judged  as  high  in  frequency  sig¬ 
nificantly  more  often  than  low-frequency  letters  (for  exposure 
durations  of  \2  and  4.2  s).  We  then  considered  the  counterar¬ 
gument  that  frequency  information  was  not  associated  with  tetter- 
level  memory  units  end  that  subjects  based  their  letter  judgments 
OB  the  activation  of  global-level  memory  units  containing  tbe 
tetters.  We  noted  first  that  tbe  stimulus  list  was  designed  such 
that  tetter  aad  string  frequency  were  varied  orthogonally,  so  that 
string  frequency  bad  no  predictive  value  for  judgments  of  letter 
frequency.  Furthermore,  high-frequency  letters  were  judged  as 
higher  in  frequency  than  low-frequency  tetters  (for  the  1.2-  and 
4J-»  durations)  even  when  the  high-frequency  letters  appeared 
in  taw-frequency  strings  and  the  low-frequency  letters  appeared 


in  high-frequency  Brings  Because  differences  in  string  frequency 
would  have  favored  tbe  activation  of  global-level  units  with  low- 
frequency  tenets,  this  comparison  provided  evidence  against  the 
argument  that  element-level  frequency  judgments  depended  on 
the  activation  of  global-level  memory  units.  The  final  evidence 
for  this  conclusion  came  from  an  analysis  of  subjects'  recall  pro¬ 
tocols.  As  expected  from  the  structure  of  the  stimulus  list,  subjects 
recalled  more  strings  with  high-frequency  than  low-frequency 
letters  (there  were  more  of  the  former  to  recall).  However,  this 
was  the  cue  even  at  tbe  0.2-s  exposure  duration.  Despite  this 
indication  of  greater  availability  of  global-level  memory  units 
containing  high-frequency  tetters  compered  with  low-frequency 
letters,  subjects  still  failed  to  discriminate  between  high-  and 
low-frequency  tetters  following  0.2-s  exposures  of  tbe  strings.  It 
could  be  concluded,  at  least  for  the  longer  exposure  durations 
of  Experiment  1,  that  subjects  abstracted  letter-level  frequency 
information  that  characterized  the  compooenual  structure  of 
the  stimulus  list.  Further  evidence  indicating  that  this  informanon 
wu  stored  in  long-term  memory  was  repotted  in  Experiment  2. 

The  letter  judgment  data  provided  some  indication  that  Tver- 
sky  and  Kahneman'i  ( 1973)  “availability  heuristic"  wu  operative 
m  our  experiments.  That  is,  there  was  some  bias  for  subjects  to 
judge  letters  as  relatively  high  in  frequency  amply  because  they 
occurred  in  more  available  high-frequency  Brings  (the  main  effect 
of  Bring  frequency  on  tetter  judgements  wu  significant  in  Ex¬ 
periment  1  but  fell  shan  of  ngnifirancr  in  Experiment  (A). 
However,  the  orthogonal  manipulation  of  tetter  and  string  fre¬ 
quency  prevented  this  bias  from  bong  tbe  basis  for  subjects' 
discrimination  between  high-  and  low-frequency  tetter*. 

Experiments  involving  judgments  of  armg  frequency  generally 
do  not  control  for  the  frequency  of  occurrence  of  the  tetten 
composing  tbe  Brings.  Tbe  above  evidence  for  letter-frequency 
discrimination  suggests  tbe  potability  that  frequency  judgments 
for  Brings  might  be  based,  not  on  their  frequency  of  occurrence, 
but  on  tbe  frequency  of  occurrence  of  their  constituent  letten. 
Although  the  use  of  such  a  strategy  is  posable,  the  stimulus  list 
was  designed  so  that  string  frequency  could  not  be  predicted 
from  letter  frequency  (they  were  varied  orthogonally).  Further¬ 
more.  high-frequency  strings  were  judged  as  higher  in  frequency 
titan  low-frequency  strings  even  when  the  former  were  composed 
of  low-frequency  tetters  and  tbe  latter  of  high-frequency  letters. 
The  apposite  result  would  have  been  obtained  if  judgments  of 
string  frequency  were  based  on  the  frequencies  of  the  strings' 
constituent  tetten.  Finally,  string-frequency  judgments  discrim¬ 
inated  between  high-  aad  low-frequency  strings  under  experi¬ 
mental  conditions  ( tbe  0.2-s  exposure  duration)  for  which  letter- 
frequency  judgments  did  not  discriminate  between  high-  and 
low-frequency  tetten  Uoder  these  conditions,  it  was  impossible 
for  string  frequency  to  be  judged  on  tbe  basis  of  stored  infor¬ 
mation  involving  letter  frequency  because  tbe  latter  information 
was  not  available  (as  measured  by  judgments  of  tetter  frequency ). 

To  summarize,  our  experimental  results  provided  evidence 
for  tbe  independent  formation  of  both  gtobal-tevri  (strings)  and 
element-level  (tetten)  memory  units.  Although  this  conclusion 
refers  to  the  son  of  information  subjects  remem  bet,  tbe  results 
are  potentially  informative  concerning  the  way  is  which  this  in¬ 
formation  is  retrieved.  That  it,  the  tendency  for  string-frequency 
infocmirion  to  hiss  tewenfiequency  judgments  suggests  that  both 
types  of  information  may  be  retrieved  together,  even  when  the 
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task  calls  only  for  the  judgment  of  letter  frequency.  (The  caae 
for  joint  retrieval  when  subjects  judge  string  frequency  remains 
uncertain  because  these  judgments  appeared  to  be  influenced 
only  by  string4e«ct  information )  The  joint  retrieval  of  string* 
level  and  letter-level  memory  units  might  suggest,  but  does  ace 
demand,  that  they  are  stored  together.  One  possibility  is  that 
representations  involving  giobaMevei  (string)  memory  units  in¬ 
clude  individual  dement-ievei  units  (the  spelling  for  the  string), 
with  each  of  the  elements  tagged  with  regard  to  its  frequency  of 
occurrence  in  the  list.  Whether  one  can  distinguish  between  this 
and  other  representational  formats  (e*.  separate  storage  of 
global  level  and  dement-levd  units)  is  questionable-  This  inde¬ 
terminacy  is  analogous  to  the  indeterminacy  regarding  the  rep¬ 
resentational  format  for  item-speafie,  esemplar  information 
(global-level  units  in  our  study)  and  category-level,  summary 
information  (dement-levd  units  in  our  study)  in  category-ac¬ 
quisition  tasks  (Media,  Dewey,  k  Murphy;  1913).  la  the  absence 
of  experimental  parwtigm«  that  definitively  distinguish  among 
alternative  tepnreentaritmal  formats,  our  farther  research  in¬ 
volving  the  formation  of  memory  units  has  replicated  the  results 
reported  in  this  article  and  focused  on  the  task  characteristics 
that  ‘y*1— ■«  the  retention  of  informational  units  of  difiereat 
she.  For  example,  ms  are  finding  that  the  phonemic  processing 
of  strings  of  letters  facilitates  the  formation  of  memory  units  for 
the  letters  (Malcua,  Hock,  Cavcda  £  Smith.  1983). 

Evidence  that  subjects  can  accurately  judge  the  frequency  of 
occurrence  of  component  elements  of  larger  order  units  is  not 
exclusive  to  this  article.  Jacoby  (1972)  showed  that  subjects  can 
judge  the  frequency  of  occurrence  of  words  embedded  in  pam- 
matical  srmrnrci  Invesngaion  testing  feature-frequency  models 
of  concept  formation  have  shown  that  subjects  can  judge  fre¬ 
quency  of  occurrence  for  the  component  parts  of  Khcmaric  faces 
(Kellogg,  1981).  In  work  in  progress,  we  are  obtaining  evidence 
that  subjects  presented  with  a  sequence  of  dot  patterns  can  ac¬ 
curately  judge  how  often  individual  locations  have  been  occupied 
by  a  dot.  In  other  work  in  progress,  we  ore  finding  that  subjects 
can  discriminate  differences  in  the  frequency  with  which  various 
spatial  relations  leg-  inside,  below)  occur  acras  a  series  of  scenes 
involving  different  objects.  However,  obtaining  evidence  for  suc¬ 
cessful  frequency  discrimination  does  not  definitively  indicate 
that  subjects  have  stored  frequency  information  regarding  ele¬ 
ments  and  relations  between  elements.  It  may  be  necessary  to 
show,  ts  in  the  present  track,  that  subjects'  frequency  judgments 
for  the  compooendal  characteristics  of  a  scries  of  stimuli  are  not 
based  on  the  activation  of  global-level  memory  units  corre¬ 
sponding  to  the  particular  stimuli  presented  in  the  series. 

The  frequency-judgment  procedure  seems  to  be  particularly 
usefal  for  swing  memory  units,  especially  when  tha  vocabulary 
of  elementary  unin  is  limbed,  as  is  the  case  for  alphabet  tenets. 
For  example,  when  frequency  judgmenu  are  used  to  assess 
memory  for  the  constituent  letters  in  strings,  the  (till  set  of  al¬ 
phabet  letters  can  be  presented  during  the  acquisition  phase  of 
the  experiment  In  contrast  recognition  ead  recall  procedures 
would  have  to  exdude  e  significant  proportion  of  the  alphabet 
from  the  eoquisiiiflu  phase  because  they  must  be  used  to  detect 
false  recognition  responses  or  recall  intrusions  during  tha  tub- 
sequent  memory  ten.  Furthermore,  the  frequency-judgment 


procedure  eliminates  the  need  for  production  (as  in  recall  par¬ 
adigms)  and  also  eliminates  the  problem  of  performance  de¬ 
pending  on  the  perceptual  similarity  of  previously  seen  and  new 
distractor  stimuli  (as  in  recognition  paradigms). 
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SECTION  2B 

Frequency  Estimation  for  Words  Appearing  in  Sentences 
Howard  S.  Hock  and  Mary  LaLomia 

An  issue  of  particular  importance  in  recent  research  concerned 
with  the  encoding  of  frequency  of  occurrence  information  is  whether  or 
not  the  encoding  process  is  automatic  (Hasher  and  Zacks,  1979;  1964). 
Although  it  is  clear  that  frequency  information  can  be  encoded  without 
the  intention  to  do  so  (Hasher.  Zacks,  Rose,  &  Sanft,  1986), 
experiments  demonstrating  that  subjects'  orienting  task  in  viewing  a 
list  of  words  affects  the  accuracy  of  frequency  Judgments  suggest  that 
the  encoding  process  may  not  be  not  automatic.  For  example,  Greene 
(1984)  has  reported  an  advantage  in  frequency  Judgment  for  subjects 
receiving  an  intentional-learning  orienting  task  compared  with 
subjects  receiving  an  incidental-learning  orienting  task  (without  any 
instructions  suggesting  that  subjects  remember  the  presented  items). 

In  another  study,  Naveh-Benjamin  and  Jonides  (1986)  found,  for 
subjects  with  an  intentional -learning  orienting  task,  that  frequency 
Judgments  were  more  accurate  when  a  secondary  orienting  task  was 
relatively  difficult  compared  with  when  it  was  relatively  easy.  They 
also  found  that  frequency  Judgments  were  more  accurate  following  a 
semantic-association  orienting  task  than  they  were  following  an 
acoustic-association  orienting  task. 

How  can  frequency  coding  be  both  unintentional  and  task 
dependent?  The  explanation  we  propose  is  that  subjects’  attention  to 
an  item  during  the  orienting  task  can  affect  the  likelihood  of 
previously  seen  versions  of  the  item  being  activated  in  memory.  Once 
attention  is  paid  to  an  item,  the  reactivations  that  facilitate 
frequency  discrimination  proceed  without  trying  to  remember  how 
frequently  various  events  occurred. 

The  "attention  hypothesis"  was  tested  by  manipulating  the  extent 
to  which  subjects  attended  to  the  items  whose  frequency  they  would 
subsequently  be  Judging.  Rather  than  having  subjects  Judge  the 
frequency  with  which  various  words  appearing  in  a  list  of  words,  we 
asked  subjects  to  Judge  the  frequency  of  occurrence  of  target  nouns 
that  appeared  in  a  series  of  sentences.  One  group  of  subjects  Judged 
whether  or  not  the  sentences  were  steaningful.  A  second  group  of 
subjects  Judged  whether  the  sentences  were  written  in  the  present  or 
past  tense.  Because  the  Judgment  of  meaning  demanded  attention  to  the 
nouns  in  each  sentence,  but  the  Judgment  of  tense  did  not,  we 
predicted  that  the  estimation  of  target-noun  occurrence  frequency 
would  be  more  accurate  for  the  meaning- Judgement  group  than  the 
tense- Judgment  group. 

The  present  study  was  concerned  with  quantitative  differences  in 
code  activation  resulting  from  differences  in  attention  during  the 
initial  presentation  of  the  items.  However,  previous  experiments  have 
suggested  that  orienting  tasks  of  the  type  we  used  could  result  in 
qualitative  rather  than  quantitative  differences  in  code  formation. 
Bransford,  Franks,  Morris,  and  Stein  (1979)  have  argued  that  the 
apparent  effectiveness  of  different  orienting  tasks  depends  on  the 
types  of  codes  that  are  formed  and  the  requirements  of  the 
post-acquisition  memory  test.  For  example,  phonological  orienting 
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tasks  result  in  better  post-acquisition  recognition  accuracy  than 
semantic  orienting  tasks  when  the  previously  seen  and  distractor  items 
are  phonologically  similar,  but  vice  versa  when  they  are  semantically 
similar.  However,  as  Indicated  earlier,  an  advantage  of 
frequency-estimation  tests  of  memory  is  that  they  do  not  require  the 
presentation  of  distractor  items.  Hence,  frequency  estimation  is 
neutral  with  regard  to  qualitative  differences  in  the  codes  subjects 
generated  during  the  initial  presentation  of  the  items,  and  reflect 
only  quantitative  differences  in  code  formation.  These  quantitative 
differences  are  presumably  due  to  differential  attentional 
requirements  of  different  orienting  tasks. 

A  further  consideration  in  evaluating  the  effect  of  the  orienting 
task  on  word-frequency  estimation  concerns  the  sise  of  the  memory 
units  on  which  frequency  estimates  are  based.  In  the  Hock,  Malcua, 
and  Hasher  (1986)  study,  we  were  concerned  with  whether  letter 
frequency  estimates  were  based  on  the  retrieval  of  letter-level  or 
string- level  memory  units.  That  is,  in  addition  to  the  retrieval  of 
letter-level  memory  codes,  subjects  could  base  their  estimate  of  a 
letter’s  frequency  on  the  number  of  global-level  memory  units  they  . 
could  recall  that  included  the  letter  being  estimated.  Hock,  et  al. 
(1986)  evaluated  this  possibility  by  obtaining  free  recall  data 
following  the  frequency  estimation  phase  of  their  experiment, 
determining  the  number  of  times  each  letter  appeared  in  correctly 
recalled  strings,  and  computing  partial-correlation  coefficients  with 
the  effects  of  recall-frequency  "held  constant."  A  similar  procedure 
was  used  in  the  present  study  to  determine  whether  judgments  of  word 
frequency  were  influenced  by  the  recall  of  sentence- level  memory 
units . 


Experiment  1 

Subjects.  Sixty  four  undergraduate  students  in  psychology 
classes  at  the  University  of  South  Florida  participated  in  this 
experiment,  for  which  they  received  class  credit. 

Stimuli.  Sixteen  target  nouns  were  chosen  for  the  experiment. 
Their  frequency  of  occurrence  in  written  English  was  high;  the  mean 
frequency  value  was  268  per  million  words.  For  each  target  noun,  16 
different  sentences  were  constructed,  eight  meaningful  and  eight 
meaningless.  Half  of  the  meaningful  sentences  were  written  in  the 
present  tense,  half  were  written  in  the  past  tense.  The  same  was  true 
for  the  meaningless  sentences.  The  meaningless  sentences  were 
constructed  from  the  meaningful  ones  by  replacing  a  noun  or  verb  such 
that  the  meaningless  sentences  remained  grammatically  correct.  For 
example,  the  meaningful  sentence  THE  TAXI  WENT  SPEEDING  BY  was 
rendered  meaningless  by  replacing  the  word  SPEEDING  with  the  word 
ITCHING.  The  target  noun  in  this  example  was  TAXI.  The  positions  of 
the  target  noun  and  the  tense-determining  verb  were  balanced  across 
sentences . 

Although  a  total  of  256  sentences  were  constructed  (16  target 
nouns  x  16  sentences),  each  subject  was  presented  only  60  of  the 
sentences.  Of  these  60  sentences,  30  were  meaningful  (15  were  in  the 
present  tense,  15  were  in  the  past  tense),  and  30  were  meaningless  (15 
were  in  the  present  tense,  15  were  in  the  past  tense).  Four  of  the  16 
target  nouns  each  appeared  in  eight  different  sentences,  four  appeared 


in  four  different  sentences  each,  four  appeared  in  two  different 
sentences  each,  and  four  appeared  in  one  sentence  each.  At  each 
frequency  level,  half  the  target  nouns  appeared  in  meaningful 
sentences  and  half  appeared  in  meaningless  sentences.  If  a  particular 
target  noun  appeared  in  a  meaningful  sentence,  its  other  appearances 
in  a  list  could  only  be  in  other  meaningful  sentences  (the  same  was 
true  for  target  nouns  appearing  in  meaningless  sentences).  Thirty  two 
different  lists  were  constructed  so  that  each  target  noun  appeared 
equally  often  at  each  frequency  level  (1,  2,  4,  and  8),  in  each 
sentence  type  (meaningful  vs.  meaningless),  and  with  each  tense-type 
(present  vs.  past).  Over  the  entire  experiment,  each  of  the  256 
sentences  appeared  equally  often. 

Pflalghv  The  experiment  was  conducted  in  two  phases.  There  were 
two  orienting  tasks  during  Phase  1,  Meaning- Judgment  and 
Tense- Judgment.  The  32  subjects  assigned  to  the  Meaning- Judgment 
condition  were  required  to  determine  whether  each  sentence  was 
meaningful  or  meaningless.  The  32  subjects  assigned  to  the 
Tense -Judgment  condition  were  required  to  determine  whether  the 
sentences  were  written  in  the  present  or  past  tense.  Subjects  were 
given  no  indication  that  there  would  be  any  sort  of  memory  test. 

Phase  2  constituted  a  frequency  estimation  test,  with  each  subject 
being  presented  one  of  four  different  random  orders  of  the  16  target 
nouns.  Post-experimental  interviews  confirmed  that  the  memory  test  of 
Phase  2  was  unexpected. 

Procedure .  The  stimuli  were  displayed  on  an  Apple  2e 
microcomputer.  Each  sentence  was  presented  inside  a  rectangular  frame 
that  always  remained  on  the  screen.  The  frame  intercepted  a  visual 
angle  of  2  deg  vertically  and  20  deg  horisontally .  The  exposure 
duration  for  each  string  was  three  sec.  The  interstimulus  interval 
was  also  one  sec,  except  for  the  occasional  trials  on  which  subjects 
required  more  than  one  sec  to  respond.  Then,  a  one  sec  delay  was 
introduced  between  the  subject’s  response  and  the  presentation  of  the 
next  stimulus.  Subjects  in  the  Meaning-Judgment  condition  were 
instructed  to  press  one  button  on  the  computer  keyboard  for  sentences 
that  could  corresponded  to  a  real  event,  and  another  button  otherwise. 
Subjects  in  the  Tense -Judgment  condition  were  instructed  to  press  one 
button  for  sentences  that  were  in  the  present  tense,  and  another 
button  for  sentences  that  were  in  the  past  tense,  incorrect  responses 
were  signalled  by  a  brief  flash  of  the  rectangular  box  on  the  screen. 
During  Phase  2,  subjects  were  asked  to  estimate  how  often  each  target 
word  appeared  in  the  preceding  list.  The  to-be-judged  words  appeared 
one  at  a  time  on  the  screen. 

Results 

Mean  reaction  times  and  error  rates  for  Phase  1  are  presented  in 
Table  1 .  An  examination  of  the  table  indicates  that  reaction  times 
were  faster  in  the  Tense- Judgment  than  the  Meaning- Judgment  condition, 
but  the  difference  was  probably  due  to  differential  speed-accuracy 
criteria  in  the  two  conditions.  The  finding  of  primary  interest  was 
that  reaction  times  in  the  Tense -Judgment  condition  were  faster  for 
the  meaningful  than  the  meaningless  sentences.  This  indicated  that 
subjects  in  this  condition  were  processing  the  meaning  of  the 
sentences  even  though  the  task  required  processing  only  verb  tense. 
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Table  1 

Mean  Reaction  Times  (in  msec)  and  Error  Rates  (pet)  for  the 
Phase  1  Orienting  Tasks  of  Experiment  1. 

REACTION  TIMES  ERROR  RATES 

Phase  1  Meaningful  Meaningless  Meaningful  Meaningless 

Task  Sentences  Sentences  Sentences  Sentences 


Meaning-Judgment  723  813  3.8  11.3 

Tense-Judgment  666  771  12.2  14.2 


The  results  for  the  frequency  estimation  test  of  Phase  2  are 
presented  in  Table  2.  As  predicted,  the  Meaning- Judgment  orienting 
task  resulted  in  more  accurate  estimation  of  word  frequency  than  the 
Tense-Judgment  orienting  task.  This  supported  the  hypothesis  that  the 
encoding  of  information  relevant  to  word-f requency  Judgments  was 
facilitated  by  tasks  requiring  attention  to  the  to-be- judged  items; 
since  determining  the  tense  of  verbs  did  not  require  attention  to  the 
target  nouns  in  the  sentences,  frequency  Judgments  were  relatively 
inaccurate  in  the  Tense- Judgment  condition. 


Table  2 

Mean  correlation  coefficients  between  estimated 
and  actual  word  frequency  for  Experiment  1 . 

Phase  1  Meaningful  Meaningless 

Task  Sentences  Sentences 


Meaning- Judgment  0.62  0.52 

Tense-Judgment  0.42  0.42 


Experiment  2 

This  experiment  was  similar  to  the  Meaning- Judgment  condition  of 
Experiment  1,  with  the  exception  that  the  materials  were  different  and 
the  experiment  included  a  third  phase  in  which  subjects  were  given  10 
min  to  recall  as  many  of  the  sentences  as  possible.  The  purpose  of 
the  experiment  was  to  determine  whether  judgments  of  word  frequency 
for  words  appearing  in  a  series  of  sentences  depended  on  the  retrieval 
of  word- level  or  sentence- level  memory  units.  Thirty  two 
undergraduate  students  at  Florida  Atlantic  University  participated  in 
this  experiment  as  one  way  of  earning  credit  toward  an  undergraduate 
psychology  course. 


Table  3 

Mean  correlation  coefficients  between  estimated  and 
actual  word  frequency,  and  between  estimated  and  actual 
word  frequency  with  recall-frequency  partialled-out . 


Meaningful  Meaningless 

Sentences 

Sentences 

Actual  with  Estimated  Frequency 

0.48 

0.55 

Actual  with  Estimated  Frequency 
(with  frequency  in  correctly 
recalled  sentences  partialled-out) 

0.47 

0.53 

Actual  with  Estimated  Frequency 

(with  frequency  in  all 

recalled  sentences  partialled  out) 

0.42 

0.50 

The  results  of  the  experiment  are  summarized  in  Table  3. 

Partial -corelation  coefficients  were  computed  as  follows.  In  the 
initial  analysis,  the  sentences  subjects  recalled  during  Phase  3  were 
scored  as  correct  if  the  critical  information  in  the  sentence  was 
correctly  recalled;  erroneous  recall  of  articles  or  the  tense  of  the 
verbs  was  ignored.  Using  this  criterion,  correct  recall  was  quite 
low:  5.6%  for  the  meaningful  sentences,  1.7%  for  the  meaningless 

sentences.  We  then  counted  the  frequency  with  which  each  target  word 
appeared  in  correctly  recalled  sentences  and  computed 
partial-correlation  coefficients.  As  indicated  in  Table  3,  the 
partialling  procedure  had  no  appreciable  effect  on  the  correlations 
between  actual  and  estimated  frequency.  In  an  additional  analysis,  we 
eliminated  the  criterion  that  the  sentences  had  to  be  correctly 
recalled,  and  simply  counted  the  frequency  with  which  each  target  word 
appeared  in  subjects'  recall.  The  partial -correlations  computed  on 
the  basis  of  recall -frequency  were  only  slightly  reduced.  We 
concluded,  therefore,  that  subjects’  estimates  of  word  frequency  for 
words  appearing  in  sentences  are  based  on  the  retrieval  of  word- level 
as  opposed  to  sentence -level  memory  units. 
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Section  2C 

The  Perception  of  Pattern:  Coding  the 
Position  of  Component  Elements 

Howard  Hock,  Laurel  Smith,  Leonie  Escoffery  and  Alexandra  Bates 

Abstract 

When  presented  a  series  of  patterns  inside  a  frame,  subjects 
unintentionally  retained  Information  concerning  the  location  of  the 
elements  composing  the  patterns.  Despite  their  certainty  that  they 
lacked  the  ability  to  do  so,  subjects  could  use  this  Information  to 
estimate  the  frequency  with  which  the  elements  occurred  at  various 
locations  within  the  frame.  The  precision  with  which  subjects  encoded 
the  positions  of  Individual  elements  was  Increased  by  orienting  tasks 
which  enhanced  the  formation  of  pattern-level  memory  units.  Nonetheless, 
the  accurate  estimation  of  element-location  frequency  depended  on  the 
retrieval  of  element-level  rather  than  pattern-level  memory  units. 
Orienting  tasks  that  emphasized  the  formation  of  pattern-level  memory 
units  reduced  estimation  accuracy  by  suppressing  the  formation  of 
element-level  memory  units.  It  was  therefore  concluded  that  the 
retention  of  superficial  details,  like  the  positions  of  the  constituent 
elements  of  a  pattern,  need  not  be  retained  at  the  pattern-level  In  the 
form  of  a  template-like  pictorial  copies.  Element-level  memory  units, 
and  their  associated  position  codes,  can  be  abstracted  from  a  series  of 
patterns  and  represented  in  memory  in  the  same  way  as  the  semantically 
important  attributes  of  the  patterns. 


Some  time  ago,  Clement  and  Weiman  (1970)  reported  the  results  of  a 
study  which  suggested  that  It  was  extremely  difficult.  If  not  Impossible, 
for  subjects  to  Ignore  the  configuration  of  a  pattern  composed  of  five 
filled  circles  and  identify  it  strictly  on  the  basis  of  whether  or  not  a 
single  spatial  location  was  occupied  by  one  of  the  circular  elements. 
Although  many  years  have  passed  since  this  study  was  published,  there 
has,  to  our  knowledge,  been  no  further  research  concerned  with  the 
relationship  between  the  encoding  of  pattern-level  conflgural  Information 
and  element-level  location  information. 

Clement  and  Weiman  (1970)  required  subjects  to  sort  cards 
containing  one  of  two  patterns  into  two  piles.  When  they  were 
instructed  to  attend  to  the  whole  pattern,  sorting  times  were  affected 
by  the  size  of  the  patterns'  equivalence  set;  patterns  with  small 
equivalence  sets  (the  configurally  simpler  patterns)  were  easier  to 
discriminate  than  patterns  with  large  equivalence  sets  (the  configurally 
more  complex  patterns).  The  critical  feature  In  Clement  and  Weiman* s 
(1970)  experiment  was  that  they  selected  their  pattern-pairs  such  that 
subjects  could  discriminate  between  the  two  patterns  In  each  deck  by 
attending  to  one  location  and  determining  whether  or  not  an  element 
(i.e.,  a  filled  circle)  was  present  at  that  location.  When  subjects  were 
told  to  look  for  such  a  location  during  the  sorting  task,  the  effect  of 
equivalence  set  (configuration)  was  reduced,  but  not  eliminated.  When 
subjects  were  actually  shown  a  location  for  which  the  presence  or  absence 
of  an  element  discriminated  between  the  two  patterns,  the  conflgural 
effect  was  further  reduced,  but  once  again,  was  not  eliminated. 

Clement  and  Weiman1 s  (1963)  results  provide  evidence  of  a  bias  for 
patterns  to  be  processed  at  a  conflgural,  or  pattern-level,  rather  than 
element-level  (Navon,  1977).  There  are  a  number  of  ways  this  bias  could 
have  influenced  performance.  One  possibility  Is  that  subjects 
occasionally  processed  the  stimuli  at  the  pattern-level,  despite 
intending  to  follow  instructions  to  sort  the  patterns  on  the  basis  of 
element-location.  Since  some  responses  would  be  based  on  pattern-level 
processing,  the  configural  effect  would  be  reduced,  but  not  eliminated  by 
element-level  Instructions.  Although  the  preceding  explanation  implies 
that  pattern-level  and  element-level  processing  compete  with  each  other, 
an  alternative  explanation  implies  cooperativity.  That  is,  pattern-level 
information  may  always  be  processed,  despite  subjects'  intentions  to  do 
otherwise.  The  residual  conflgural  effect  obtained  under  element-level 
instructions  could  then  be  attributed  to  patterns  with  simple 
configurations  being  Identified  fast  enough  to  facilitate  a  pooled 
decision  that  takes  account  of  the  "status"  of  both  pattern-level  and 
element-level  processing  channels  (Miller,  19dl). 

The  research  reported  in  this  study  was  aimed  at  furthering  our 
understanding  of  the  relationship  between  the  encoding  of  pattern-level 
and  element-level  location  information.  In  contrast  with  Clement  and 
Weiman' s  (1970)  research,  it  emphasized  the  retention  rather  than  the 
processing  of  element-level  information.  As  In  studies  concerned  with 
the  processing  of  pattern-level  vs.  element-level  information  (Navon, 
1977;  Pomerantz  &  Sager,  1975),  the  Ideal  of  global  precedence  in  the 
retention  of  Information  has  intuitive  appeal.  In  the  case  of  printed 
words,  meaning  Is  not  conveyed  by  individual  letters,  but  by  the 
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orthographic  relations  among  the  letters  constituting  the  words.  In  the 
case  of  patterns,  meaning  is  not  conveyed  by  Individual  elements,  but  by 
the  spatial  relations  among  the  elements  composing  the  patterns.  From  a 
point  of  view  that  stresses  encoding  abstract,  higher-order  units  that 
represent  semantically  Important  characteristics  of  a  stimulus  (e.g., 
Rosch,  Mervis,  Gray,  Johnson,  &  Boyes-Braem,  1976),  there  would  be  no 
reason  to  expect  element-location  information  to  be  retained;  the 
conflgural  aspects  of  the  pattern  should  take  precedence  with  respect  to 
the  retention  of  pattern  Information. 

The  above  arguments  notwithstanding,  a  number  of  experiments  have 
demonstrated  that  subjects  unintentionally  retain  what  appear  to  be 
meaningless,  superficial  aspects  of  various  stimuli.  For  example, 

Jacoby  and  Brooks  (1984)  have  demonstrated  that  the  speed  with  which 
subjects  can  identify  a  picture  is  enhanced  when  the  same  picture  had 
been  seen  on  a  previous  occasion;  the  repetition  of  superficial  details 
that  were  irrelevant  to  the  Identification  of  the  picture  facilitated 
its  identification  the  second  time  it  was  presented.  Similarly, 
Pollatsek,  Rayner,  and  Collins  (1984)  have  shown  that  identification 
time  for  a  foveally  viewed  picture  is  enhanced  when  the  exact  same 
picture  had  been  viewed  parafoveally  a  moment  before.  Many  different 
experiments  have  provided  evidence  for  the  retention  of  Information 
concerning  the  case  in  which  letter  strings  were  printed  (e.g..  Hoc k, 
Throckmorton,  Rosenthal,  &  Webb,  1981).  Kolers  (1976)  has  demonstrated 
that  the  speed  with  which  subjects  re-read  a  series  of  passages  was 
enhanced  by  exact  repetition  of  the  typographical  characteristics  of  the 
passages,  even  though  more  than  a  year  had  passed  since  their  Initial 
reading. 

Given  this  evidence  for  the  unintentional  encoding  of  superficial 
detar:,  a  well  as  Clement  and  Weiman's  (1970)  evidence  of  a  bias  to 
process  patterns  at  a  configural  level,  the  initial  objective  of  the 
research  reported  in  this  paper  was  to  determine  whether  subjects  would 
unintentionally  encode  superficial  characteristics  of  the  patterns:  the 
positions  of  their  constituent  elements.  The  experimental  procedure  we 
used  to  make  this  determination  was  based  on  a  paradigm  developed  by 
Hock,  Malcus,  and  Hasher  (1986)  to  study  the  encoding  of  frequency  of 
occurrence  Information  for  elements  (letters)  that  were  constituents  of 
higher-order  perceptual  units  (letter  strings).  Hock,  et  al.  (1986) 
presented  subjects  a  list  of  words  and  pronounceable  nonwords,  and  showed 
that  they  could  subsequently  judge  the  frequency  with  which  individual 
letters  had  appeared  in  the  list.  That  is,  even  though  meaning  was  most 
efficiently  represented  at  the  string-level,  memory  units  resulting  from 
the  abstraction  of  letter-level  information  allowed  subjects  to 
successfully  estimate  the  frequency  with  which  individual  letters 
appeared  in  the  list.  The  experimental  paradigm,  when  applied  to  pattern 
perception.  Involved  presenting  a  series  of  patterns  Inside  a  surrounding 
frame,  with  an  orienting  task  that  provided  no  indication  of  the  memory 
test  to  follow.  Subjects  were  then  asked  to  estimate  the  frequency  with 
which  the  elements  composing  the  patterns  occurred  in  various  locations 
within  the  frame. 

One  of  the  principal  Issues  that  arises  in  this  paradigm  concerns 
the  manner  in  which  subjects  generate  their  frequency  of  occurrence 


estimates  (Hock,  et  al.,  1986).  One  possibility  is  that  their  frequency 
estimates  for  each  location  are  based  on  the  retrieval  of 
pattern-independent,  element-level  memory  units.  Another  possibility  is 
that  subjects  derive  their  frequency  estimates  for  each  location  by 
determining  how  many  pattern-level  memory  units  they  could  retrieve  with 
elements  at  the  location  being  tested  (i.e.,  via  Tversky  and  Kahneman's 
[1973]  availability  heuristic).  That  is,  a  location  would  receive  a 
relatively  high  frequency  of  occurrence  estimate  if  the  subject  could 
retrieve  a  relatively  large  number  of  patterns  with  elements  at  that 
location. 

A  method  for  determining  whether  frequency  estimates  are  based  on 
the  retrieval  of  element-level  or  pattern-level  memory  units  has  been 
introduced  by  Hock,  et  al.  (1986).  The  method  involves  the  following: 

1)  after  the  estimation  phase  of  the  experiment,  subjects  are  asked  to 
recall  as  many  of  the  patterns  as  possible,  2)  we  then  count  the 
frequency  with  which  each  location  within  the  frame  is  occupied  by  an 
element  in  a  subject's  correct-recall  protocols,  and  3)  we  compute  a 
partial-correlation  coefficient  for  each  subject  in  which  the  recall- 
frequency  for  each  location  Is  "parti ailed  out"  of  the  correlation 
between  the  actual  and  estimated  frequency.  If  a  significant  partial- 
correlation  coefficient  remains  (with  the  effect  of  pattern-recall 
"partlalled  out"),  it  could  be  concluded  that  subjects’  estimates  were 
Influenced  by  element-level  memory  units  with  associated  codes  specifying 
the  position  of  the  elements  relative  to  the  frame. 

In  Experiment  1,  we  tested  for  the  unintentional  encoding  of 
superficial  element-position  information  by  having  subjects  estimate  the 
frequency  with  »rf?ich  elements  occurred  at  various  locations  within  the 
frame.  He  determined  whether  the  position  information  used  for  these 
judgments  were  stored  in  conjunction  with  element-level  or  pattern-level 
memory  units,  and  developed  a  technique  for  measuring  the  accuracy  of 
element-position  coding.  We  went  on  to  investigate  the  effects  of 
intentionally  trying  to  remember  element- location  frequency  (Experiment 

2) ,  and  whether  the  formation  of  pattern-level  memory  units  is 
compatible  with,  or  competes  with  the  formation  of  pattern- independent, 
element-level  memory  units  (Experiments  3  and  4). 

Experiment  1 

The  purpose  of  this  experiment  was  to  provide  evidence  for  the 
unintentional  encoding  of  location  for  the  constituent  elements  of  a 
series  of  patterns  composed  of  circular  elements.  During  the  initial 
presentation  of  the  patterns,  one  group  of  subjects  was  instructed  to 
determine,  for  each  pattern,  whether  or  not  three  of  the  circles  were 
aligned  vertically  or  horizontally.  A  second  group  of  subjects  was 
instructed  to  determine,  for  each  pattern,  whether  or  not  three  of  the 
circles  were  aligned  diagonally.  These  tasks  were  selected  because  they 
were  expected  to  produce  differences  in  performance  consonant  with  the 
well-established  advantage  in  the  processing  of  vertical /horizontal 
compared  with  oblique  orientations  (i.e.,  the  "oblique  effect";  Appelle, 
1972).  We  could  then  determine  whether  the  oblique  effect  would  carry 
over  into  the  encoding  of  element-location  information. 


Method 


Subjects.  Sixty  four  undergraduate  students  at  Florida  Atlantic 
University  participated  In  this  experiment  as  one  way  of  receiving  course 
credit  in  an  undergraduate  psychology  class. 

Stimuli.  The  patterns  were  each  composed  of  five  empty  circles 
whose  locations  were  defined  in  terms  of  an  imaginary  3x3  matrix  of 
possible  element  locations.  With  the  constraint  that  every  row  and 
colunn  of  the  imaginary  3x3  matrix  had  to  contain  at  least  one  circle 
per  pattern,  17  different  patterns  were  generated  (Garner  l  Clement, 
1963).  The  3x3  matrix  was  located  in  one  of  four  positions  within  a 
frame  large  enough  to  accomodate  16  possible  element  locations  (4x4). 

That  is,  the  3x3  matrix  was  placed  in  one  of  the  four  quadrants  of  the 
larger  4x4  matrix.  Each  of  the  seventeen  3x3  patterns  was  presented 
twice,  each  time  in  the  same  quadrant  within  the  4x4  matrix. 

We  were  unable  to  avoid  compositional  constraints  which  resulted  in 
circles  being  located  in  the  middle  locations  of  the  4x4  matrix  with  the 
greatest  frequency  and  in  the  corner  locations  of  the  4x4  matrix  with 
the  least  frequency.  However,  the  orientation  of  each  of  the  17  Garner 
and  Clement  (1963)  patterns  and  their  location  within  the  4x4  matrix 
were  selected  to  independently  maximize  the  range  of  frequencies  for  the 
corner,  side,  and  middle  locations  of  the  4x4  matrix.  The  frequency 
with  which  each  of  the  16  locations  in  the  4x4  matrix  was  occupied  by  a 
circle  is  presented  in  Figure  1.  Frequencies  varied  from  4  to  12  for 
the  four  corner  locations,  from  2  to  20  for  the  eight  side  locations, 
and  from  6  to  28  for  the  four  middle  locations. 


Insert  Figure  1  about  here 


The  set  of  34  patterns  described  above  were  presented  in  one  of 
four  orientations:  all  in  the  arbitrarily  defined  0  deg  orientation 
(which  determined  the  frequency  distribution  of  Figure  1),  all  rotated 
90  deg,  all  rotated  180  deg,  or  all  rotated  270  deg.  Separate  groups  of 
subjects  viewed  the  patterns  In  one  of  the  four  orientations  in  order  to 
balance  out  possible  effects  of  top-down  and/or  left-right  scanning 
biases  on  subjects'  estimates  of  how  often  locations  within  the  frame 
were  occupied  by  circles. 

The  presentation  of  stimuli  and  the  recording  of  responses  were 
controlled  by  a  Data  General  Eclipse  computer.  The  stimuli,  white 
patterns  on  a  black  background,  were  presented  on  an  Electrohome 
monitor.  A  9.0  cm  x  9.0  cm  white  frame  was  always  present  In  the  center 
of  the  screen  (the  lines  defining  the  frame  were  0.1  cm  thick).  There 
were  no  grid  lines  presented  Inside  the  frame.  The  patterns,  each 
composed  of  five  unfilled  circles  with  a  diameter  of  1.0  cm,  were 
presented  inside  the  frame.1  When  viewed  from  a  distance  of  42.5  cm,  a 
visual  angle  of  12.1  deg  was  intercepted  by  the  frame  and  a  visual  angle 
of  1.3  deg  was  intercepted  by  each  circle. 
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Procedure.  The  experimental  procedure  consisted  of  three  phases. 
During  Phase  \,  subjects  were  presented  with  the  34  patterns  In  r&ndam 
order  and  were  given  one  of  two  detection  tasks.  One  group  of  32 
subjects  was  required  to  press  one  button  if  there  were  three  circles 
within  a  pattern  that  were  vertically  or  horizontally  aligned  (16  of  the 
34  patterns  met  this  requirement)  and  the  other  button  If  there  was  no 
vertical  or  horizontal  alignment  among  the  circles.  A  second  group  of 
32  subjects  was  required  to  press  one  button  if  there  were  three  circles 
within  a  pattern  that  were  aligned  In  either  a  left  or  right  diagonal 
(12  of  the  34  patterns  met  this  requirement)  and  the  other  button  If 
there  was  no  diagonal  alignment. 

A  small  dot  was  placed  in  the  center  of  three  of  the  five  circles 
composing  each  pattern  In  order  to  facilitate  the  detection  of  aligned 
circles  (each  dot  had  a  diameter  of  one  pixel)*  The  three  circles 
containing  a  dot  remained  the  same  for  the  two  presentations  of  each 
pattern.  In  the  Vertical/Horizontal  condition,  these  dots  were  placed 
in  vertically  or  horizontally  aligned  circles.  For  patterns  without  a 
vertical  or  horizontal  alignment,  the  three  dots  were  randomly  assigned 
to  three  different  circles  in  each  pattern.  In  the  Diagonal  condition, 
the  three  dots  were  placed  in  three  diagonally  aligned  circles.  For 
patterns  without  a  diagonal  alignment,  the  three  dots  were  randomly 
assigned  to  three  different  circles  In  each  pattern. 

The  patterns  were  presented  for  one  sec  each.  The  Intertrlal 
Interval  was  also  one  sec,  except  for  the  occasional  trials  on  which 
subjects  required  more  than  one  sec  to  respond.  Then,  a  one  sec  delay 
was  introduced  between  the  subject's  response  and  the  presentation  of 
the  next  stimulus.  Subjects  were  Instructed  to  respond  as  quickly  and 
accurately  as  possible;  they  were  not  told  to  expect  any  sort  of  memory 
test.  Response  times  (from  the  onset  of  each  pattern)  and  errors  were 
recorded  during  this  phase  of  the  experiment. 

Estimates  of  element-location  frequency  were  obtained  during  Phase 
2  of  the  experiment.  Sixteen  different  stimuli  were  presented  during 
the  estimation  phase,  each  being  a  single  circle  Inside  the  frame.  The 
circle  for  each  stimulus  was  located  at  one  of  the  16  possible  locations 
in  the  4x4  matrix  (grid  lines  were  not  presented).  The  order  of 
presentation  for  the  16  estimation  stimuli  was  randomized.  On  each 
estimation  trial,  the  number  15  was  presented  7.0  cm  below  the  center  of 
the  frame.  This  number  represented  the  midpoint  of  the  range  of 
element-location  frequencies  (2  to  28).  Subjects  were  told  that  the 
frequency  with  which  a  circle  was  presented  at  each  of  the  indicated 
locations  varied  from  1  to  30,  and  were  Instructed,  by  pressing  buttons, 
to  change  the  number  15  on  the  screen  to  a  number  which  reflected  their 
estimate  of  element-location  frequency  over  the  full  set  of  patterns 
they  had  just  seen  (out-of-range  estimates  were  not  accepted  by  the 
computer). 

In  Phase  3  of  the  experiment,  subjects  were  provided  with  a  sheet 
of  paper  with  20  empty  4x4  matrfces  (including  grid  lines)  and  given  10 
min  to  recall  as  many  of  the  patterns  they  had  seen  during  Phase  1  as 
possible  (they  were  required  to  provide  five  elements  for  each  attempted 
reproduction).  The  data  from  this  phase  of  the  experiment  were  used  to 


determine  whether  subjects'  frequency  estimates  for  each  location  were 
derived  from  patterns  they  could  recall  that  contained  circles  at  the 
locations  being  tested. 

Results 


Performance  in  orienting  tasks.  Mean  response  times  and  error  rates 
for  Phase  1  are  presented  in  Table  1.  The  faster  responses  obtained  for 
Correct  Detections  compared  with  Correct  Rejections  were  typical  of  the 
reaction  time  literature.  Response  times  were  significantly  slower  In 
the  Diagonal  than  the  Vertical/Horizontal  condition,  [F(l , 62)  *  4.85,  p  < 
.05,  MSe  »  32,410].  This  result  was  typical  of  the  "oblique  effect" 
(Appelle,  1972).  Error  rates  were  very  similar  In  the  two  detection 
conditions. 


Insert  Tables  1  and  2  about  here 


Accuracy  of  frequency  estimation.  That  subjects  were  capable  of 
e st imat i ng  el emen t- 1 oc at 1 on  f requency  was  indicated  by  the  correlations 
between  the  actual  and  estimated  frequencies  for  each  location  In  the  4x4 
matrix,  which  were  computed  Individually  for  each  subject.  Although 
these  correlations  were,  on  average,  relatively  small.  It  can  be  seen 
from  Table  2  that  they  were  positive  for  most  of  the  subjects  In  the 
Vertical /Horizontal  and  Diagonal  conditions.  The  means  of  the  actual/ 
estimate  correlations  (see  Table  2)  were  significantly  greater  than  zero 
[r  »  0.34,  t (31 )  «  5.14,  £  <  .001;  r  -  0.33,  t(31)  -  5.72,  p  <  .001],  for 
the  Vertical /Horizontal  and  Diagonal  conditions,  respectively.  The 
correlations  obtained  for  the  two  conditions  were  not  significantly 
different  from  each  other,  [t(62)  <  1.0.]. 2 

The  derivational  strategy.  As  indicated  in  the  introduction,  there 
were  potentially  two  ways  subjects  could  have  estimated  element-location 
frequency:  1)  they  could  have  retained  pattern-independent  memory  units 
corresponding  to  individual  circles  and  estimated  frequency  on  the  basis 
of  these  multiple  element-level  memory  units  (Hlntzman  &  Block,  1971), 
and  2)  when  required  to  estimate  element-frequency  at  a  particular 
location,  they  could  have  recalled  as  many  patterns  as  possible  with  a 
circle  at  that  location  and  derived  their  estimate  from  the  number  of 
recalled  patterns.  The  latter  derivational  strategy,  a  version  of 
Tversky  and  Kahneman's  (1973)  availability  heuristic,  could  be 
successful  because  a  location  becomes  high  In  element-occurrence 
frequency  as  a  result  of  being  occupied  by  a  circle  for  many  different 
patterns.  The  possibility  that  subjects'  frequency  estimates  were 
derived  from  recalled  patterns  was  evaluated  during  Phase  3  by  having 
subjects  recall  the  patterns  that  had  been  presented  during  Phase  1. 

Our  analysis  of  the  derivational  strategy  was  based  on  only 
correctly  recalled  patterns,  regardless  of  whether  they  were  recalled  In 
the  correct  quadrant  of  the  4x4  matrix.  We  counted  the  frequency  with 
which  each  location  was  occupied  by  a  circle  In  a  subject's  correct- 
recall  protocols,  and  then  computed  a  partial -correlation  coefficient  for 
each  subject  In  which  the  recall -frequency  for  each  location  was 
"partial led  out"  of  the  correlation  between  the  actual  and  estimated 


I 


1 


44 


frequency  for  each  location.  The  mean  partial-correlation  coefficients 
Mere  somewhat  reduced  from  the  correlation  coefficients  observed  without 
partlalling  out  recall-frequency,  but  correlations  remained  positive  for 
most  of  the  subjects  (see  Table  2).  The  means  of  the  actual/estimate 
correlations  (with  recall -frequency  "partlalled-out"),  which  are  also 
presented  in  Table  2,  were  significantly  greater  than  zero  [r  ■  0.26, 
t (31)  •  4.03,  £  <  .001;  r  -  0.28,  t(31)  -  4.81,  £  <  .001],  for  the 
Vertical/Horizontal  and  01  agonal  conditions,  respectively.  The  partial 
correlations  obtained  for  the  two  conditions  were  not  significantly 
different  from  each  other,  [t(62)  <  1.0].  Although  there  may  have  been 
some  tendency  for  subjects  to  have  derived  their  frequency  of  occurrence 
estimates  for  each  location  from  the  number  of  patterns  they  could  recall 
with  a  circle  at  that  location,  a  significant  actual/estimate  correlation 
remained  after  the  contributions  of  the  derivational  strategy  were 
“ parti  all ed-out." 


Insert  Table  3  about  here 


Recall  accuracy.  As  indicated  In  Table  3,  we  found  that  recall  was 
more  accurate  in  the  01  agonal  condition  (12. 3%  of  the  patterns  were 
correctly  recalled)  than  in  the  Vertical /Horizontal  condition  (8. IX  of 
the  patterns  were  correctly  recalled).  This  difference  was  significant 
C t (62 )  ■  2.00,  £  <  .05].  Approximately  half  the  correctly  recalled 
patterns  were  recalled  In  their  correct  quadrant  in  the  4x4  matrix. 

Since  the  chance  rate  was  .25,  It  could  be  concluded  that  subjects 
retained  some  information  concerning  the  global  locations  of  the 
correctly  recalled  patterns.3 

Compositional  constraints.  The  next  analysis  was  concerned  with 
whether  subjects  based  their  frequency  of  occurrence  estimates  for  each 
location  on  their  awareness  of  compositional  constraints  regarding  where 
circles  were  most  likely  to  be  located  (l.e.,  they  were  constrained  to 
occur  in  the  middle  of  the  frame  more  often  than  in  the  corners  of  the 
frame).  Subjects  who  were  aware  of  this  constraint  could  have  done  an 
adequate  job  of  estimating  element-location  frequency  without 
remembering  anything  about  the  Information  presented  during  Phase  1  of 
the  experiment.  However,  subjects'  awareness  that  the  corner  locations 
were  constrained  to  be  lower  in  frequency  than  the  middle  locations 
would  not  allow  them  to  differentiate  between  the  frequencies  at  each  of 
the  four  corner  locations  or  the  frequencies  at  each  of  the  four  middle 
locations. 

The  first  step  in  evaluating  whether  subjects'  estimates  were 
influenced  by  their  awareness  of  compositional  constraints  was  to 
determine  the  mean  frequency  estimate  at  each  of  the  16  locations  In  the 
4x4  matrix.  This  was  done  independently  for  the  32  subjects  In  the 
Vertical/Horizontal  condition  and  the  32  subjects  In  the  Diagonal 
condition.  We  then  computed  the  correlation  between  actual  and 
mean-estimated  frequency  Independently  for  the  four  corner  locations, 
the  eight  side  locations,  and  the  four  middle  locations.  The  three 
correlations  In  the  Vert leal /Horizontal  condition  were  all  positive: 
0.95,  0.72.  and  0.21  for  the  corner,  side,  and  middle  locations, 
respectively.  Since  the  number  of  degrees  of  freedom  associated  with 


each  correlation  was  too  small  to  test  their  statistical  significance, 
our  determination  of  their  reliability  rested  on  the  repetition  of  these 
positive  correlations  in  the  Diagonal  condition.  For  the  latter,  the 
correlations  were  again  positive:  0.99,  0.77,  and  0.54  for  the  corner, 
side,  and  middle  locations,  respectively.  We  could  conclude,  therefore, 
that  the  observed  correlations  between  actual  and  estimated  frequency 
were  not  due  to  subjects'  awareness  of  compositional  constraints  in  the 
location  of  the  dots. 

Encoding  precision.  Our  final  analyses  examined  a  potential 
limiting  factor  in  how well  subjects  can  estimate  element- location 
frequency.  That  is,  if  the  position  codes  associated  with  each 
element-level  memory  unit  are  Inaccurate,  the  accuracy  of  frequency 
estimation  will  decrease.  This  hypothesis  is  based  on  the  assumption 
that  frequency  estimates  at  a  location  depend  on  all  the  element-level 
memory  units  with  position  codes  at  the  location  being  tested.  Including 
memory  units  for  elements  from  surrounding  locations  whose  positions 
were  Incorrectly  coded.  The  effect,  on  estimation  accuracy,  of  miscoded 
elements  from  surrounding  locations  will  depend  on  the  frequency  with 
which  elements  occur  In  those  locations.  For  example,  if  a  location  with 
a  low  frequency  of  occurrence  is  surrounded  by  locations  with  high 
frequencies  of  occurrence.  Imprecise  position  coding  will  result  In 
frequency  estimates  for  that  location  being  too  high. 

To  test  for  effects  of  Imprecise  position  coding,  we  summed,  for 
each  of  the  16  locations  in  the  4x4  matrix,  the  frequencies  of 
occurrence  for  all  the  adjacent  locations,  including  diagonally  adjacent 
locations  (e.g.,  the  total  adjacent-surround  frequency  for  the  location 
in  the  lower-right  corner  of  Figure  1  is  32).  We  then  computed  what  we 
called  the  effective  frequency  for  the  location.  This  was  Its  actual 
frequency  plus  k  (a  variable  weighting  factor)  times  the  total  frequency 
of  the  location's  "adjacent-surround."  Since  we  had  no  preconceptions 
concerning  an  appropriate  value  for  k,  we  computed  the  correlation 
between  mean-estimated  frequency  and  the  hypothetical  effective 
frequency  for  values  of  k  ranging  from  zero  to  one.  The  results  of 
these  computations  are  presented  in  Figure  2.  In  evaluating  these 
results,  we  were  looking  for  an  Increase  in  the  size  of  the  correlation 
relative  to  that  obtained  when  k  was  zero  (i.e.,  when  the  adjacent- 
surround  was  not  taken  into  account). 


Insert  Figure  2  about  here 


As  Indicated  In  Figure  2,  when  k  *  0  the  correlations  based  on 
mean-estimated  frequency  were  0.72  for  the  Vertical /Horizontal  condition 
and  0.75  for  the  Diagonal  condition.  Both  of  these  correlations  were 
substantially  higher  than  the  means  of  the  individually  computed 
correlations.  For  the  Vertical /Horizontal  condition,  the  size  of  the 
correlation  between  mean-estimated  frequency  and  the  effective  frequency 
(for  all  16  locations)  Increased  from  0.72,  when  k  was  zero,  to  a 
maximun  of  0.90  for  k  ■  .3  (see  Figure  2).  A  smaller  Increase  In 
over-all  estimation  accuracy  was  observed  for  the  Diagonal  condition. 

The  size  of  the  correlation  between  mean-estimated  frequency  and  the 
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effective  frequency  (for  all  16  locations)  Increased  from  0.75,  when  k 
Mas  zero,  to  0.S2  for  k  ■  .2  (see  Figure  2). 

The  above  result  Indicated  that  the  adjacent-surround  Influenced 
subjects'  frequency  estimates.  While  this  could  be  attributed  to  the 
imprecision  of  position  coding  for  memory  units  corresponding  to 
Individual  elements,  another  possibility  Is  that  the  occurrence  of 
elements  In  surrounding  locations  influenced  estimation  accuracy  by 
introducing  confusions  in  retrieval  for  elements  with  similar  position 
codes.  This  could  occur  If  element-location  Mas  encoded  with  sufficient 
precision  for  the  horizontal  or  vertical  component  of  the  memory  code  for 
one  element  to  be  the  same  as  the  horizontal  or  vertical  component  of  the 
memory  code  for  an  element  at  another  location.  In  order  to  test  for 
whether  estimates  of  element-location  frequency  were  influenced  by 
confusions  in  retrieving  position  codes  for  element-level  memory  units, 
we  computed  the  "rectilinear-surround"  for  each  location  by  summing  the 
frequencies  of  element  occurrence  for  all  the  locations  to  Its  left,  its 
right,  above  it,  and  below  It  (e.g.,  the  total  rectilinear-surround 
frequency  for  the  location  in  the  lower-right  corner  of  Figure  1  Is  64). 
Our  computation  of  effective  frequency  thereby  included  the  frequencies 
for  all  locations  with  the  same  horizontal  or  vertical  memory  code  as  the 
location  being  estimated. 

The  hypothetical  effective  frequency  for  each  location,  its  actual 
frequency  plus  k  times  the  total  frequency  of  the  element's  rectilinear- 
surround,  was  correlated  with  mean-estimated  frequency  for  values  of  k 
ranging  from  zero  to  one.  The  results  of  these  computations  are 
presented  in  Figure  2.  For  the  Vertical /Horizontal  condition,  *ne 
increase  In  the  size  of  the  correlation  between  mean-estimated  frequency 
and  the  effective  frequency  (for  all  16  locations)  was  smaller  than  that 
observed  when  the  computation  of  effective  frequency  was  based  on  the 
adjacent-surround.  This  indicated  that  the  accuracy  with  which  subjects 
estimated  element-location  frequency  in  the  Vert leal /Horizontal  condition 
was  limited  by  the  imprecision  of  the  position  codes  associated  with 
traces  of  the  individual  circles  rather  than  confusion  in  the  retrieval 
of  relatively  precise  position  codes.  For  the  Diagonal  condition,  the 
contrast  between  the  Influence  of  the  adjacent-surround  and  the 
rectilinear-surround  was  smaller,  but  in  the  same  direction  as  that 
observed  in  the  Vertical/Horizontal  condition. 

Discussion 


Prior  to  the  frequency  estimation  phase  of  the  experiment,  subjects 
did  not  anticipate  that  they  would  be  asked  to  estimate  element-location 
frequency.  When  they  were  instructed  that  they  would  be  required  to 
estimate  how  often  circles  appeared  at  various  locations  within  the 
frame,  virtually  every  subject  protested  that  they  would  be  unable  to 
perform  the  estimation  task.  Similar  protests  were  received  during  the 
experiments  reported  later  in  this  paper  (the  unexpected  nature  of  the 
test  was,  with  the  exception  of  two  subjects,  always  confirmed  by 
post-experimental  interviews).  Subjects  were  assured  that  people  always 
do  much  better  than  they  expect  at  this  task  and  were  encouraged  to  try 
hard  and  give  their  best  guess.  Their  success  at  estimating  element- 
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location  frequency,  though  modest,  was  obtained  despite  their  certainty 
that  they  lacked  the  knowledge  to  perform  the  estimation  task. 

The  results  of  the  experiment  supported  our  hypothesis  that 
subjects  could  unintentionally  encode  the  positions  of  the  constituent 
elements  of  patterns.  These  results  were  obtained  despite  the 
likelihood  that  at  least  two  performance  factors  limited  the  accuracy  of 
subjects'  estimates.  First,  we  suspect  that  many  subjects  were 
overwhelmed  by  their  “feeling  of  not  knowing"  and  simply  responded 
randomly  in  the  estimation  task.4  Second,  generating  a  numerical 
frequency  estimate  on  the  basis  of  element  position  information  retrieved 
from  memory  would  Itself  be  subject  to  uncertainty.  Since  the 
correlation  between  actual  and  estimated  frequency  was  based  on  only  16 
data  points,  the  results  observed  for  Individual  subjects  were  probably 
highly  sensitive  to  performance-limiting  factors  like  those  described 
above.  When  estimates  of  element-location  frequency  were  averaged  over 
all  the  subjects  participating  in  a  condition,  the  influence  of  these 
performance- 11ml ting  factors  was  reduced,  and  the  correlation  between 
mean-estimated  and  actual  frequency  was  substantially  larger  than  the 
mean  of  the  individual  correlations. 

Analyses  based  on  mean-estimated  frequencies  indicated  that  an 
important  source  of  inaccuracy  in  subjects'  estimates  of 
element-location  frequency  was  the  inaccuracy  with  which  they  encoded  the 
position  of  the  circles.  Estimates  were  influenced  by  the  frequency  of 
element-occurrence  in  locations  surrounding  the  location  being  estimated. 
This  was  indicated  by  the  Increased  correlations  obtained  when  mean- 
estimated  frequency  was  correlated  with  effective  frequency,  the  latter 
being  based  on  each  location's  actual  frequency  plus  k  (a  variable 
weighting  factor)  times  the  total  frequency  of  the  location's 
adjacent-surround.  A  similar  analysis  based  on  what  we  have  identified 
as  the  rectilinear-surround  for  each  location  Indicated  that  estimation 
accuracy  was  limited  by  the  imprecision  of  position  codes  rather  than 
confusion  in  the  retrieval  of  relatively  precise  position  codes.  Smaller 
effects  of  imprecise  position  coding  were  observed  for  the  Diagonal 
compared  with  the  Vertical/Horizontal  condition. 

Imprecision  In  position  coding  has  previously  been  characterized  by 
probabilistic  models  vftich  assume  that  the  position  code  associated  with 
an  element  specifies  a  spatial  region  In  which  it  is  likely  that  the 
element  was  located  (Kinchla  &  Allan,  1969;  Kinchla,  1971;  Wolford, 

1975).  Such  models  could  readily  account  for  the  results  obtained  In 
this  experiment,  as  well  as  the  experiments  that  follow.  If  It  Is 
assuned  that  subjects  produce  estimates  for  each  location  by  retrieving 
element-level  memory  units  and  incrementing  their  estimates  of 
occurrence-frequency  according  to  the  probability  that  each  of  the 
retrieved  elements  was  located  at  the  location  being  tested. 

The  conclusion  that  the  accuracy  of  subjects'  estimates  of 
element-location  frequency  was  limited  by  the  Imprecision  of  the 
position  codes  associated  with  Individual  elements  assumes  that 
subjects'  estimates  were,  in  fact,  based  on  memory  units  corresponding 
to  Individual  elements.  Our  analysis  of  subjects'  recall  data  indicated 
that  this  was  the  case.  If  subjects  estimated  the  frequency  of 
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occurrence  for  each  location  by  retrieving  pattern-level  memory  units 
with  elements  at  the  location  being  estimated,  we  would  not  have 
observed  a  significant  actual /estimate  correlation  after  the  frequency 
with  each  location  appeared  In  subjects'  correct-recall  protocols  was 
"partial led  out."  We  are  not  claiming  that  subjects  did  not  store 
pattern-level  Information.  What  we  are  concluding  is  that  In  this 
experiment,  pattern-level  memory  units  played  a  minimal  role  In  the 
estimation  of  element- location  frequency. 

Finally,  the  "oblique  effect"  observed  in  so  many  different 
perceptual  tasks  (Appel 1e,  1972)  was  also  observed  in  our  Phase  1 
detection  data.  Response  times  were  significantly  slower  when  subjects 
looked  for  diagonal  alignments  than  when  they  looked  for  vertical  or 
horizontal  alignments.  Our  memory  results,  however,  did  not  provide  the 
consistent  vertical /horizontal  advantage  that  is  typical  of  perceptual 
tasks.  More  patterns  were  correctly  recalled  in  the  Diagonal  the 
Vertical /Horizontal  condition,  and  there  was  no  apparent  advantage  In 
frequency  estimation  for  the  Vertical /Horizontal  compared  with  the 
Diagonal  condition. 

Experiment  2 

The  results  of  Experiment  1  Indicated  that  subjects,  without 
intention,  can  encode  the  frequency  with  which  various  locations  within 
a  frame  are  occupied  by  the  constituent  elements  of  a  series  of 
patterns.  In  this  experiment  we  again  tested  whether  subjects  could 
unintentionally  encode  element-location  frequency,  but  with  a  different 
Phase  1  task.  Estimation  performance  in  this  task  was  contrasted  with 
one  in  which  subjects  were  instructed  to  try  to  remember  element- 
location  frequency.  The  effects  of  intentional ity  (or  lack  of  same) 
constitute  one  of  Hasher  and  Zacks'  (1979)  criteria  for  determining 
whether  or  not  information  is  encoded  automatically.  We  examined 
intentional ity  in  this  experiment  from  two  points  of  view:  1)  Does  it 
produce  differences  in  estimation  performance?  and  2)  Does  it  produce 
differences  in  how  precisely  subjects  encode  element-location 
information?  The  first  question  was  addressed  by  comparing  estimation 
accuracy  in  the  two  conditions.  The  second  question  was  addressed  by 
comparing  the  effects  of  the  adjacent-surround  on  estimation  accuracy  in 
the  two  conditions. 

Method 

Subjects.  Sixty  four  undergraduate  students  at  Florida  Atlantic 
University  participated  in  this  experiment  as  one  way  of  receiving 
course  credit  in  an  undergraduate  psychology  class. 

Procedure.  The  experimental  procedure,  with  the  exception  of  the 
tasksintroduced  in  Phase  1,  was  Identical  to  that  of  Experiment  1.  The 
patterns  used  in  this  experiment  were  also  identical  to  those  used  in 
Experiment  1;  the  17  patterns  were  each  presented  twice.  However,  the 
dots  presented  Inside  the  circles  were  arranged  differently  in  this 
experiment.  On  one  occurrence  of  a  pattern,  a  dot  was  presented  in  the 
center  of  two  of  the  circles.  On  its  other  occurrence  a  dot  was 
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presented  in  the  center  of  the  other  three  circles.  The  order  of  this 
assignment  of  dots  (two  vs.  three  per  pattern)  was  randomized. 

For  one  group  of  32  subjects,  the  Phase  1  task  for  each  pattern 
involved  counting  the  number  of  circles  with  a  dot  inside  it.  Subjects 
in  the  Counting  condition  were  required  to  press  one  button  if  there 
were  three  circles  with  dots  and  the  other  button  if  there  were  two 
circles  with  dots.  They  were  instructed  to  respond  as  quickly  as 
possible  while  keeping  their  errors  to  a  minimum,  and  were  given  no 
Indication  that  they  would  have  to  remember  anything  about  the  patterns. 
The  32  subjects  in  the  Intentional  condition  saw  the  same  patterns  (and 
dots  inside  the  circles)  as  in  the  Counting  condition,  but  they  did  not 
have  a  discrimination  task.  They  were  shown  an  index  card  with  a  frane 
and  grid  lines  defining  16  locations  within  the  frame,  and  were 
Instructed  to  try  to  remember  the  number  of  times  a  circle  appeared  in 
each  of  the  locations  within  the  frame  (recall  that  the  grid  lines  were 
never  actually  presented  during  the  first  two  phases  of  the  experiment). 

Results 


Performance  in  orienting  tasks.  Mean  response  times  and  error 
rates  for  the  Counting  task  are  presented  In  Table  1.  Faster  responses 
were  obtained  for  "2"  compared  with  "3"  responses.  Over-all  response 
times  and  errors  were  similar  to  those  obtained  in  the  Vertical/ 
Horizontal  condition  of  Experiment  1. 

Accuracy  of  frequency  estimation.  Correlations  between  the  actual 
and  estimated  frequencies  were  again  relatively  small,  but  as  indicated 
in  Table  2,  they  were  positive  for  most  of  the  subjects  in  the  Counting 
and  Intentional  conditions.  The  means  of  the  actual /estimate 
correlations  (see  Table  2)  were  significantly  greater  than  zero  [r  « 
0.28,  t (31)  »  5.22,  £  <  -001;  r  »  0.35,  t(31)  »  8.07,  £  <  .001],  for  the 
Counting  and  Intentional  conditions,  respectively.  The  correlations 
obtained  for  the  two  conditions  were  not  significantly  different  from 
each  other,  [t(62)  »  1.14,  £>  .05]. 

The  derivational  strategy.  As  in  Experiment  1,  mean  partial- 
correlation  coefficients  were  somewhat  reduced  from  the  correlation 
coefficients  observed  without  "parti ailing  out"  recall-frequency,  but  as 
Indicated  in  Table  2,  correlations  remained  positive  for  most  of  the 
subjects.  The  means  of  the  partial  correlations  were  significantly 
greater  than  zero  [r  «  0.26,  t(31)  *  4.59,  £  <  .001;  r  «  0.28,  t(31)  * 
4.47,  £  <  .001],  for  the  Counting  and  Intentional  conditions, 
respectively.  The  partial  correlations  obtained  for  the  Counting  and 
Intentional  conditions  were  not  significantly  different  from  each  other, 
[t(62)  <  1.0].  As  in  Experiment  1,  there  may  have  been  some  tendency 
for  subjects  to  have  derived  their  frequency  of  occurrence  estimates  for 
each  location  from  the  number  of  patterns  they  could  recall  with  a 
circle  at  that  location,  but  a  significant  actual/estimate  correlation 
remained  when  the  contributions  of  the  derivational  strategy  were 
"parti ailed  out." 

Recall  accuracy.  As  indicated  in  Table  3,  over-all  recall  was 

more  accurate  in  the  Intentional  ..condition  (14,?*  of  the  patterns  were 
correctly  recalled)  than  in  the  Counting  condition  (8.5%  6f  the  patterns 
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were  correctly  recalled).  This  difference  was  significant  [ t ( 62 )  * 
2.00,  p  <  .05].  The  correctly  recalled  patterns  were  placed  in  the 
correct  location  in  the  4x4  frame  at  a  better  than  chance  rate  in  the 
Intentional,  but  not  the  Counting  condition. 

Compositional  constraints.  The  three  correlations  between 
mean-estimated  and  actual  frequency  in  the  Counting  condition  were  all 
positive:  0.95,  0.75,  and  0.31  for  the  corner,  side,  and  middle 
locations,  respectively.  These  correlations  were  also  positive  in  the 
Intentional  condition:  0.82,  0.73,  and  0.70  for  the  corner,  side,  and 
middle  locations,  respectively.  We  could  again  conclude  that  the 
observed  correlations  between  actual  and  estimated  frequency  were  not 
due  to  subjects'  awareness  of  compositional  constraints  in  the  location 
of  the  circles. 


Insert  Figure  3  about  here 


Encoding  precision.  The  correlations  between  mean-estimated 
frequency  ana  the  effective  frequency  for  each  location  (determined  by 
accounting  for  the  frequency  of  surrounding  locations)  are  presented  in 
Figure  3.  As  Indicated  in  the  figure,  when  the  weighting  factor,  k,  was 
equal  to  zero,  the  correlations  based  on  mean-estimated  frequency  were 
0.73  for  the  Counting  condition  and  0.80  for  the  Intentional  condition. 
Both  of  these  correlations  were  substantially  higher  than  the  means  of 
the  individually  computed  correlations.  For  the  Counting  condition,  the 
correlation  between  mean-estimated  frequency  and  effective  frequency 
(based  on  the  adjacent-surround)  increased  from  0.73,  when  k  was  zero,  to 
0.96  for  k  *  .6.  A  smaller  Increase  was  obtained  when  effective 
frequency  was  based  on  the  rectilinear-surround:  the  correlation  between 
mean-estimated  frequency  and  effective  frequency  Increased  from  0.73, 
when  k  was  zero,  to  0.81  for  k  «  .2.  Estimation  accuracy  appeared  to  be 
influenced  by  imprecise  position  coding  in  the  Counting  condition. 

In  the  Intentional  condition,  basing  our  correlations  on  effective 
rather  than  actual  correlations  resulted  in  a  relatively  small 
Improvement  in  estimation  accuracy  trtien  effective  frequency  was  based  on 
the  adjacent-surround  (from  r  »  0.80  when  k  *  0,  to  r  *  0.85  when  k  * 

.2),  and  a  sharp  decrease  In  estimation  accuracy  when  effective 
frequency  was  based  on  the  rectilinear-surround.  Imprecise  position 
coding  had  a  smaller  effect  on  estimation  accuracy  in  the  Intentional 
condition  compared  with  the  unintentional.  Counting  condition. 

Oiscussion 


The  results  of  this  experiment  replicated  all  the  observations  made 
in  Experiment  1.  Subjects  were  able  to  estimate  the  frequency  with 
which  circles  appeared  at  various  locations  in  the  frame,  they  did  not 
appear  to  derive  their  estimates  from  pattern-level  memory  units  or 
their  knowledge  of  compositional  constraints  regarding  the  likely 
location  of  circles  in  the  frame,  and  uncertainty  in  position  coding  was 
the  result  of  imprecise  position  coding  rather  than  confusions  in 
retrieval.  Although  the  mean  of  the  individual  actual /estimate 


correlations  and  the  mean-estimate/actual  correlation  were  slightly 
better  In  the  Intentional  than  the  Counting  condition,  the  differences 
were  not  significant.  These  results  did  not  allow  us  to  draw  any 
conclusions  regarding  Hasher  and  Zacks*  (1979)  criterion  for  automatic 
encoding.  However,  further  analyses  Indicated  that  the  frequency  with 
which  circles  appeared  in  the  adjacent-surround  of  each  location  had  a 
greater  effect  on  frequency  estimation  In  the  Counting  compared  with  the 
Intentional  condition.  Thus,  element-position  appeared  to  be  coded  more 
precisely  In  the  Intentional  compared  with  the  Counting  condition. 

Experiment  3 

In  the  previous  two  experiments  we  obtained  unanticipated 
differences  In  the  accuracy  of  pattern  recall.  In  Experiment  1,  recall 
was  more  accurate  In  the  Diagonal  condition  than  In  the  Vertical/ 
Horizontal  condition.  In  Experiment  2,  recall  was  more  accurate  In  the 
Intentional  than  In  the  Counting  condition.  What  made  these  differences 
potentially  Important  was  that  they  appeared  to  be  related  to  how 
precisely  subjects  encoded  the  position  of  individual  circles  (as 
indicated  by  effects  of  the  adjacent-surround  on  estimation  accuracy). 
That  is,  relatively  high  levels  of  pattern  recall  appeared  to  be 
associated  with  relatively  precise  encoding  of  position,  whereas 
relatively  low  levels  of  pattern  recall  appeared  to  be  associated  with 
relatively  Imprecise  encoding  of  position.  Although  this  suggested  that 
pattern-level  processing  facilitates  the  encoding  of  element-level 
position  Information,  better  recall  and  more  precise  location  coding  did 
not  result  In  more  accurate  frequency  estimation. 

The  purpose  of  this  experiment  was  to  clarify  the  relationship 
between  pattern- level  processing  and  the  encoding  of  element  position 
Information.  The  Phase  1  tasks  used  In  this  experiment  were  selected 
with  the  anticipation  that  they  would  be  maximally  contrastive  In  their 
effects  on  recall  accuracy.  In  one  condition,  element-level  processing 
was  emphasized  by  the  Phase  1  task;  subjects  were  required  to  detect  the 
present  of  a  target  (a  small  dot)  Inside  one  of  the  five  circles 
comprising  each  pattern.  In  the  second  condition,  pattern-level 
processing  was  emphasized  by  the  Phase  I  task;  subjects  were  told  to  try 
to  remember  each  of  the  patterns.  As  In  the  previous  experiments,  we 
compared  the  groups  assigned  to  the  two  conditions  with  regard  to  their 
estimation  accuracy  and  the  precision  with  which  they  coded  element 
position.  The  comparison  allowed  us  to  determine  whether  the  formation 
of  pattern-level  memory  units  Is  compatible  with,  or  competes  with  the 
formation  of  element-level  memory  units. 

Method 

Subjects.  Sixty  four  undergraduate  students  at  Florida  Atlantic 
University  participated  In  this  experiment  as  one  way  of  receiving  course 
credit  In  an  undergraduate  psychology  class. 

Procedure.  The  stimuli  and  experimental  procedure,  with  the 
exception  of  the  tasks  Introduced  In  Phase  1,  were  Identical  to  that  of 
Experiments  1  and  2.  However,  the  dots  presented  Inside  the  circles 
were  arranged  In  accordance  with  the  Phase  1  tasks  used  in  this 
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experiment.  On  one  occurrence  of  a  pattern,  a  dot  was  presented  in  the 
center  of  one  of  the  circles,  on  the  other  occurrence  of  the  pattern,  a 
dot  was  not  presented.  The  order  of  this  assignment  of  dots  (zero  vs. 
one  per  pattern)  was  randomized. 

For  one  group  of  32  subjects,  the  Phase  1  task  for  each  pattern 
Involved  detecting  a  circle  with  a  dot  inside  It.  Subjects  in  the 
Present/Absent  condition  were  required  to  press  one  button  If  there  was  a 
dot  present  and  the  other  button  In  the  absence  of  a  dot.  They  were 
Instructed  to  respond  as  quickly  as  possible  trtille  keeping  their  errors 
to  a  minimum,  and  were  given  no  Indication  that  they  would  have  to 
remember  anything  about  the  patterns.  The  32  subjects  in  the  Pattern 
Memory  condition  saw  the  same  patterns  (and  dots  inside  the  circles)  as 
in  the  Present/Absent  condition,  but  they  did  not  have  a  discrimination 
task;  they  were  instructed  to  try  to  remember  each  pattern.  However, 
they  were  not  told  that  they  would  subsequently  be  asked  to  estimate  the 
number  of  times  a  circle  appeared  In  each  of  the  locations  within  the 
frame. 

Results 


Performance  in  orienting  tasks.  Mean  response  times  and  error  rates 
are  presented  In  table  1.  mere  was  little  difference  In  performance  for 
Present  and  Absent  responses. 

Accuracy  of  frequency  estimation.  As  In  the  previous  two 
experiments,  correl  at  ion's  between  the  actual  and  estimated  frequencies 
for  each  location  in  the  4x4  matrix  were  relatively  small,  but  as 
Indicated  In  Table  2,  they  were  positive  for  most  of  the  subjects  In  the 
Present/Absent  and  Pattern  Memory  conditions.  The  means  of  the 
actual /estimate  correlations  (see  Table  2)  were  significantly  greater 
than  zero  [r  ■  0.35,  t(31)  ■  7.64,  p  <  .001;  r  ■  0.17,  t(31)  *  3.24,  £  < 
.02],  for  the  Present/Absent  and  Pattern  Memory  conditions,  respectively. 
The  correlations  obtained  for  the  two  conditions  were  significantly 
different  from  each  other,  [t(62)  •  2.55,  £  <  .05]. 

The  derivational  strategy.  In  the  Present/Absent  condition, 
partial-correlations  remained  positive  for  most  of  the  subjects  and  the 
mean  partial -correl at ion  coefficient  was  only  slightly  reduced  from  the 
mean  obtained  without  partial  ling  out  recall -frequency  (see  Table  2). 

The  mean  of  the  partial  correlations  was  significantly  greater  than  zero 
[r  •  0.33,  t(3l)  •  7.24,  £  <  .001],  In  the  Pattern  Memory  condition, 
however,  partial  correlations  obtained  for  Individual  subjects  were 
evenly  divided  between  positive  and  negative  values,  and  the  mean 
partial-correlation  coefficient  was  reduced  to  the  point  where  It  was  no 
longer  significantly  different  from  zero  [r  *  0.03,  t(3l)  <  1.0].  The 
partial  correlations  obtained  for  the  Present/Absent  and  Pattern  Memory 
conditions  were  significantly  different  from  each  other,  [t(62)  ■  4.06,  £ 
<  .001].  In  contrast  with  the  Present/Absent  condition.  It  was  likely 
that  subjects  In  the  Pattern  Memory  condition  derived  their 
frequency  of  occurrence  estimates  for  each  location  from  the  number  of 
patterns  they  could  recall  with  a  circle  at  that  location. 
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Recall  accuracy.  As  Indicated  In  Table  3,  over-all  recall  was  more 
accurate  in  the  Pattern  Memory  condition  (17. 8%  of  the  patterns  were 
correctly  recalled)  than  in  the  Present /Absent  condition  (7.4%  of  the 
patterns  were  correctly  recalled).  This  difference  was  significant 
[t(62)  ■  5.17,  p  <  .001].  In  both  conditions,  the  correctly  recalled 
patterns  were  placed  In  the  correct  location  In  the  4x4  frame  at  a 
better  than  chance  rate. 

Compositional  constraints.  Large  correlations  between 
mean-estimated  and  actual  frequency  In  the  Present/Absent  condition  were 
obtained  for  the  corner  (r  ■  0.97)  and  side  locations  (r  ■  0.87),  but 
not  the  middle  locations  (r  *  0.10).  All  three  correlations  were 
strongly  positive  In  the  Pattern  Memory  condition:  0.99,  0.66,  and  0.55 
for  the  comer,  side,  and  middle  locations,  respectively.  We  could 
again  conclude  that  the  observed  correlations  between  actual  and 
estimated  frequency  were  not  due  to  subjects'  awareness  of  compositional 
constraints  in  the  location  of  the  dots. 


Insert  Figure  4  about  here 


Encoding  precision.  For  the  Present/Absent  condition  (see  Figure 
4),  the  correlation  between  mean-estimated  frequency  and  effective 
frequency  (based  on  the  adjacent-surround)  increased  from  0.76,  when  k 
was  zero,  to  0.93  for  k  ■  .3.  A  smaller  increase  was  obtained  when 
effective  frequency  was  based  on  the  rectilinear-surround:  the 
correlation  between  mean-estimated  frequency  and  effective  frequency 
Increased  from  0.76,  when  k  was  zero,  to  0.89  for  k  »  .3.  For  the 
Pattern  Memory  condition,  computing  the  effective  frequency  of  each 
location  did  not  Increase  estimation  accuracy  when  effective  frequency 
was  based  on  the  adjacent- surround,  and  only  slightly  Increased 
estimation  accuracy  when  effective  frequency  was  based  on  the 
rectilinear-surround.  These  results  Indicated,  therefore,  that  element 
position  was  coded  more  precisely  In  the  Pattern  Memory  than  In  the 
Present/ Absent  condition. 

Discussion 


The  results  were  consistent  with  those  observed  In  the  previous  two 
experiments.  That  Is,  relatively  high  levels  of  pattern  recall  appeared 
to  be  associated  with  relatively  precise  encoding  of  position  (the 
Pattern  Memory  condition),  whereas  relatively  low  levels  of  pattern 
recall  appeared  to  be  associated  with  relatively  Imprecise  encoding  of 
position  (the  Present/ Absent  condition).  However,  high  levels  of  recall 
and  relatively  precise  position  coding  were  accompanied  by  low  levels  of 
estimation  accuracy.  That  Is,  subjects  In  the  Pattern  Memory  condition 
estimated  element-location  frequency  with  significantly  less  accuracy 
than  subjects  In  the  Present/ Absent  condition.  Furthermore,  the  limited 
ability  of  subjects  In  the  Pattern  Memory  condition  to  estimate 
element-location  frequency  could  be  accounted  for,  almost  entirely,  by 
the  retrieval  of  pattern- level  memory  units.  When  we  counted  the 
frequency  with  which  each  location  was  occupied  by  a  circle  In  each 
subject's  correct-recal 1  protocols,  and  computed  a  partial -correlation 


coefficient  for  each  subject  In  which  the  recall -frequency  for  each 
location  was  "partlalled  out/  the  correlation  between  the  actual  and 
estimated  frequency  was  reduced  to  nonslgnflcance  for  the  subjects  In 
the  Pattern  Memory  condition.  Since  this  was  not  the  case  In  the 
Present/Absent  condition,  we  could  conclude  that  subjects'  estimates  In 
the  Present/Absent  condition  were  based  on  element-level  memory  wits. 

Experiment  3  therefore  Indicated  that:  1)  the  derivation  of 
frequency  estimates  from  the  retrieval  of  pattern-level  memory  units 
resulted  In  poor  estimation  of  element-location  frequency,  and  2) 
emphasis  on  the  formation  of  pattern-level  memory  units  suppressed  the 
formation  of  element-level  memory  units  that  are  the  basis  for  the 
relatively  accurate  frequency  estimation.  This  was  the  case  even  though 
element  position  was  encoded  more  precisely  for  pattern-level  memory 
units  than  for  element-level  memory  units.  Given  their  importance,  the 
purpose  of  Experiment  4  was  to  replicate  the  results  obtained  In 
Experiment  3. 

Experiment  4 

Method 


Subjects.  Sixty  four  undergraduate  students  at  Florida  Atlantic 
University  participated  in  this  experiment  as  one  way  of  receiving 
course  credit  In  an  undergraduate  psychology  class. 

Procedure.  The  only  difference  In  procedure  compared  with 
Experiment  3  concerned  the  nature  of  the  Phase  1  detection  task.  In 
this  experiment,  a  dot  appeared  In  one  circle  for  every  pattern 
presented  during  Phase  1.  The  dot  was  displaced  to  either  the  right  or 
left  of  center.  It  was  presented  in  different  circles  on  the  two 
presentations  of  each  pattern,  once  displaced  to  the  right  and  once 
displaced  to  the  left. 5  The  order  of  this  assignment  of 
dot-displacements  (right  vs.  left)  was  randomized. 

The  group  of  32  subjects  In  the  Right/Left  condition  was  required 
to  press  one  button  If  the  dot  present  inside  one  circle  was  displaced 
to  the  right  and  the  other  button  If  It  was  displaced  to  the  left.  They 
were  Instructed  to  respond  as  quickly  as  possible  while  keeping  their 
errors  to  a  minimum,  and  were  given  no  Indication  that  they  would  have 
to  remember  anything  about  the  patterns.  The  32  subjects  In  the  Pattern 
Memory  condition  saw  the  same  patterns  (and  dots  Inside  the  circles)  as 
In  the  Right/Left  condition,  but  they  did  not  have  a  discrimination 
task.  They  were  Instructed  to  try  to  remember  each  pattern  and  were  not 
told  that  they  would  subsequently  be  asked  to  estimate  the  number  of 
times  a  circle  appeared  In  each  of  the  locations  within  the  frame. 

Results 


Performance  In  orienting  task.  Mean  response  times  and  error  rates 
for  the  ftlght/Left  judpnent  task  are  presented  In  Table  1.  ■Right" 
responses  were  somewhat  faster  than  "Left"  responses;  error  rates  were 
slightly  lower  for  "Left"  responses. 
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Accuracy  of  frequency  estimation.  Correlations  between  the  actual 
and  estimated  frequencies  for  each  location  In  the  4x4  matrix  were  again 
relatively  small,  but  as  Indicated  In  Table  2,  they  were  positive  for 
most  of  the  subjects  In  the  Right/Left  and  Pattern  Memory  conditions. 

The  mean  of  the  actual /estimate  correlations  (see  Table  2)  was 
significantly  greater  than  zero  [r  ■  0.31,  t(31)  ■  5.32,  p  <  .001;  r  ■ 
0.19,  t (31 )  ■  3.20,  j>  <  .02],  for  the  Right/Left  and  Pattern  Memory 
conditions,  respectively.  The  correlations  obtained  for  the  two 
conditions  were  not  significantly  different  from  each  other,  [t(62)  * 
1.47,  £  >  .05].  The  latter  result  did  not  replicate  the  comparable 
difference  observed  in  Experiment  3. 

The  derivational  strategy.  In  the  Right/Left  condition,  partial 
correlations  remained  positive  for  most  of  the  subjects  and  the  mean 
partial -correlation  coefficient  was  only  slightly  reduced  from  the  mean 
obtained  without  "partlall Ing  out"  recall -frequency  (see  Table  2).  The 
mean  partial  correlation  was  significantly  greater  than  zero  [r  »  0.28, 
t(3l)  »  4.63,  £  <  .001].  However,  in  the  Pattern  Memory  condition,  the 
partial  correlations  obtained  for  Individual  subjects  were  again  evenly 
divided  between  positive  and  negative  values,  and  the  mean  partial- 
correlation  coefficient  was  reduced  to  the  point  where  it  was  no  longer 
significantly  different  from  zero  [r  ■  0.10,  t(31)  •  1.68,  £  >  .05].  The 
partial  correlations  obtained  for  the  Right/Left  and  Pattern  Memory 
conditions  were  significantly  different  from  each  other,  [t(62)  ■  2.30,  £ 
<  .05].  As  In  Experiment  3,  It  was  likely  that  subjects  In  the  Pattern 
Memory  condition  derived  their  frequency  of  occurrence  estimates  for  each 
location  from  the  number  of  patterns  they  could  recall  with  a  circle  at 
that  location. 

Recall  accuracy.  Consistent  with  the  results  of  Experiment  3  (see 
Table  3),  over- all  recall  was  more  accurate  In  the  Pattern  Memory 
condition  (19. 7X  of  the  patterns  were  correctly  recalled)  than  In  the 
Right/Left  condition  (6.4%  of  the  patterns  were  correctly  recalled). 

This  difference  was  significant  [t(62)  *  5.83,  £<  .001].  In  both 
conditions,  the  correctly  recalled  patterns  were  placed  In  the  correct 
location  within  the  4x4  frame  at  a  better  than  chance  rate. 

Compositional  constraints.  In  the  Right/Left  condition,  positive 
correlations  between  me an -estimated  and  actual  frequency  were  obtained 
for  the  corner  (r  ■  0.73)  and  side  locations  (r  ■  0.47),  but  the 
correlation  was  negative  for  the  middle  locations  (r  »  -0.57).  However, 
all  three  correlations  were  positive  In  the  Pattern  Memory  condition: 
0.75,  0.47,  and  0.73  for  the  corner,  side,  and  middle  locations, 
respectively.  Although  the  evidence  was  not  quite  as  strong  as  in  the 
previous  three  experiments,  we  could  again  conclude  that  subjects' 
frequency  estimates  were  not  based  on  their  awareness  of  compositional 
constraints  regarding  where  circles  were  most  likely  to  be  located. 


Insert  Figure  5  about  here 


Encoding  precision.  The  results  of  analyzing  the  precision  with 
which  subjects  encoded  element  position  were  quite  similar  to  those 
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obtained  In  Experiment  3.  For  the  Right/Left  condition  (see  Figure  5), 
the  correlation  between  mean-estimated  frequency  and  effective  frequency 
(based  on  the  adjacent-surround)  Increased  from  0.61,  trtten  k  was  zero, 
to  0.90  for  k  *  .7.  A  much  smaller  Increase  was  obtained  when  effective 
frequency  was  based  on  the  rectilinear-surround:  the  correlation 
between  mean-estimated  frequency  and  effective  frequency  Increased  from 
0.61,  when  k  was  zero,  to  0.76  for  k  ■  .4.  For  the  Pattern  Memory 
condition,  computing  the  effective  frequency  of  each  location  did  not 
Increase  estimation  accuracy  when  effective  frequency  was  based  on 
either  the  adjacent-  or  rectilinear-surround.  The  results  indicated, 
once  again,  that  element  position  was  coded  more  precisely  In  the 
Pattern  Memory  than  In  the  Right/Left  condition. 

Discussion 


The  results  of  this  experiment  replicated  those  of  Experiment  3  In 
most  respects.  As  In  Experiment  3,  the  Phase  1  task  that  emphasized 
pattern-level  processing  (the  Pattern  Memory  condition)  resulted  In 
better  recall  and  more  precise  element-position  coding  than  the  Phase  1 
task  that  emphasized  element-level  processing  (the  Right/Left 
condition).  Also  as  In  Experiment  3,  subjects  In  the  Pattern  Memory 
condition  appeared  to  base  their  estimates  of  element-location  frequency 
on  the  retrieval  of  pattern-level  memory  units.  In  contrast,  subjects 
In  the  Right/Left  condition  based  their  frequency  estimates  oh  the 
retrieval  of  element-level  memory  units.  Subjects  In  the  Pattern  Memory 
condition  were  again  less  accurate  In  estimating  frequency  than  subjects 
receiving  an  element-level  task  during  Phase  1  (the  Right/Left 
condition),  but  the  difference  was  not  statistically  significant  In  this 
experiment. 


General  Discussion 

Despite  their  certainty  that  they  lacked  the  knowledge  to  perform 
the  estimation  task,  when  coaxed  to  do  so,  subjects  were  able  to 
estimate  the  frequency  with  which  the  constituent  elements  of  a  series 
of  patterns  occurred  In  various  locations  within  a  frame.  This  result 
was  consistent  with  other  evidence  Indicative  of  a  dissociation  between 
what  subjects  know  and  what  they  think  they  know.  For  example,  Graf, 
Handler,  and  Haden  (1982)  had  their  subjects  look  for  vowel  repetitions 
In  successively  presented  words.  Although  they  were  unable  to  recall 
these  words,  their  completion  of  word  stems  was  biased  by  the  previously 
seen  words  that  they  could  not  recall.  Evidence  of  a  dissociation 
between  what  subjects  know  and  what  they  think  they  know  1$  most  vividly 
observed  with  various  forms  of  brain  damage.  Amnesics  show  evidence  of 
retention  for  material  they  do  not  recall  learning  (see  Parkin  [1982]  for 
a  review)  and  people  who  report  that  they  have  no  visual  experience  In 
one  visual  field,  when  coaxed,  can  successfully  point  to  targets  In  their 
"blind*  field  (Welskrantz,  Harrington,  Sanders,  l  Marshall,  1974). 

As  Indicated  earlier,  It  was  possible  for  our  subjects  to  have 
produced  reasonably  accurate  estimates  of  element- location  frequency 
without  remembering  anything  about  the  patterns.  They  could  have  done  so 
If  they  realized  that  there  were  compositional  constraints  which 
Influenced  where  the  circles  composing  our  patterns  were  most  likely  to 


be  located;  the  circles  were  constrained  to  occur  In  the  middle  locations 
most  often  and  the  corner  locations  least  often.  However,  awareness  of 
these  constraints  was  not  sufficient  for  subjects  to  have  differentiated 
among  frequencies  of  element  occurrence  at  each  of  the  four  corner 
locations,  at  each  of  eight  side  locations,  or  at  each  of  the  four 
middle  locations.  In  all  four  experiments,  we  obtained  evidence  from 
subjects1  mean-estimates  Indicating  that  they  could  Independently 
estimate  frequency  at  the  corner,  side,  and  middle  locations.  We 
concluded,  therefore,  that  subjects'  estimates  were  based,  not  on  their 
awareness  of  compositional  constraints  In  the  location  of  the  circles, 
but  on  what  they  remembered  about  the  stimuli  presented  during  Phase  1. 

The  experimental  results  Indicated  that  accurate  estimation  of 
element  occurrence  frequency  depended  on  the  formation  of  element-level 
memory  units.  When  the  Phase  1  task  emphasized  element-level  processing 
(the  Present/Absent  and  Right/Left  conditions  of  Experiments  3  and  4), 
pattern-level  memory  units  had  little  Influence  on  subjects'  estimates, 
which  were  relatively  accurate.  However,  estimation  accuracy  decreased 
sharply  when  the  Phase  1  task  stressed  the  formation  of  pattern-level 
rather  than  element-level  memory  units  (the  Pattern  Memory  conditions  of 
Experiments  3  and  4).  Thus,  the  formation  of  pattern-level  memory  units 
did  not  support  accurate  frequency  estimation,  and  the  emphasis  on 
pattern-level  processing  suppressed  the  formation  of  the  element-level 
memory  units  that  would  have  supported  accurate  frequency  estimation. 

Evidence  of  reduced  estimation  accuracy  as  a  result  of  pattern- 
level  processing  was  surprising  for  two  reasons:  1)  pattern-level 
processing  requires  attending  to  all  the  elements  of  each  pattern;  the 
element-level  tasks  could  be  accomplished  without  attending  to  all  the 
elements,  and  2)  evidence  accunulated  over  all  four  experiments  Indicated 
that  the  formation  of  pattern-level  memory  units  was  associated  with  the 
relatively  precise  encoding  of  element  position.  This  association  Is 
Indicated  by  the  scatterplot  presented  In  Figure  6.  The  eight  points  on 
the  scatterplot  represent  the  two  conditions  In  each  of  the  four 
experiments.  The  location  of  each  point  Is  determined  jointly  by  mean 
recall  accuracy  (which  reflects  the  formation  of  pattern-level  memory 
units)  and  the  proportion  of  the  variance  In  subjects'  mean-estimates 
that  could  be  accounted  for  by  the  Imprecise  encoding  of  element 
position.  The  determination  of  the  latter  was  based  on  our  analysis  of 
the  effective  frequency  of  element  occurrence  for  each  of  the  16 
locations  within  the  frame.  The  effective  frequency  computed  for  each 
location  was  the  actual  frequency  for  the  location  plus  a  variable 
weighting  factor  (k)  times  the  sum  of  the  frequencies  In  the  locations 
surrounding  the  location  In  question.  What  we  observed.  In  varying 
degrees,  was  an  increase  in  the  accuracy  of  subjects'  mean-estimates  when 
the  computation  of  effective  frequency  Included  the  adjacent-surround. 
Since  comparable  Increases  were  not  obtained  when  effective  frequency  was 
based  on  the  rectilinear-surround  rather  than  the  adjacent-surround,  we 
concluded  that  the  estimation  data  were  Influenced  by  imprecision  In 
position  coding  rather  than  confusions  In  the  retrieval  of  relatively 
precise  position  codes. 


Insert  Figure  6  about  here 
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For  all  the  experimental  conditions  showing  Increased  correlations 
when  effective  frequency  was  computed  on  the  basis  of  the  adjacent* 
surround,  correlations  with  mean-estimated  frequency  were  at  or  close  to 
their  maxim*  when  k  ■  .3.  The  data  In  Figure  6  are  therefore  based  on 
this  value  of  k.  The  proportion  of  the  variance  In  subjects' 
mean-estimates  that  could  be  accounted  for  by  the  Imprecise  encoding  of 
element  position  was  the  difference  In  the  squared  correlations  obtained 
for  k  *  .3  (when  the  effect  of  the  adjacent-surround  was  maximized)  and  k 
-  0  (when  the  effect  of  the  adjacent-surround  was  not  taken  into 
account).  The  scatterplot  In  Figure  6  Indicates  that  there  was  a  strong 
negative  correlation  (r  »  -0.96)  between  pattern  recall  accuracy  and  the 
amount  of  variance  attributable  to  Imprecise  element  position  coding. 

That  Is,  the  formation  of  pattern-level  memory  units  was  associated  with 
relatively  precise  coding  of  element  position. 

The  association  between  accurate  pattern-recall  and  precise  position 
coding  suggests  an  Important  role  for  the  perception  of  spatial  relations 
among  the  elements  of  each  pattern.  The  formation  of  pattern-level 
memory  units  requires  encoding  spatial  relations  among  each  pattern's 
constituent  elements,  and  the  precise  determination  of  each  element's 
position  could  result  from  the  constraints  Imposed  by  the  encoding  of 
multiple  spatial  relations  Involving  the  element  (e.g.,  an  element  might 
be  alongside  a  nearby  element,  diagonally  below  a  second  element,  and 
relatively  far  from  a  third  element  directly  above  It).  Despite  their 
precision,  the  element- relative  position  codes  for  pattern-level  memory 
units  will  be  useless  for  estimating  element-location  frequency  If  the 
global  location  of  the  patterns,  relative  to  the  frame,  has  not  also  been 
encoded.  The  results  siimiarlzed  In  Table  3  indicate  that  correctly- 
recalled  patterns  were  usually  recalled  in  the  correct  quadrant  of  the 
frame  at  a  greater  than  chance  rate,  but  subjects  were  not  highly 
accurate  in  this  regard;  the  maximum  proportion  of  correctly  recalled 
patterns  that  were  recalled  In  the  correct  quadrant  was  .68  In  the 
Pattern  Memory  condition  of  Experiment  3.  Hence,  the  poorest  frequency 
estimation  was  obtained  for  the  experimental  conditions  In  which  position 
coding  was  most  precise  (the  Pattern  Memory  conditions)  because  the 
usefulness  of  the  element-relative  position  codes  associated  with 
pattern-level  memory  units  was  limited  by  the  relatively  Inaccurate 
encoding  of  each  pattern's  global  location  within  the  frame. 

When  subjects  In  the  Intentional  condition  of  Experiment  2  tried  to 
remember  the  frequency  with  which  circles  occupied  the  various  locations 
within  the  frame,  their  estimation  accuracy  was  only  marginally  better 
than  that  obtained  under  unintentional  conditions.  More  Interesting  was 
the  indication  that  estimation  performance  In  the  Intentional  condition 
was  based  primarily  on  element-level  memory  units  (correlations  between 
actual  and  estimated  frequency  remained  slgnlflcvtt  even  after  the 
recall -frequency  for  each  location  was  "partlalled  out"),  and  the 
position  codes  for  the  element-level  memory  units  were  more  precise  than 
in  the  unintentional.  Counting  condition  of  Experiment  2  (as  Indicated  by 
the  effects  of  the  adjacent-surround  on  estimation  performance).  These 
results  suggest  that  subjects  trying  to  remember  element-location 
frequency  directed  at  least  some  effort  to  processing  spatial  relations 


among  the  elements  within  each  pattern.  This  Increased  the  precision  of 
frame- relative  position  coding  for  the  element-level  memory  units,®  and 
as  Indicated  by  the  recall  data,  enhanced  the  formation  of  pattern-level 
memory  units  (which  requires  encoding  relations  among  the  elements). 

The  results  obtained  In  the  Vertical/Horizontal  condition  of 
Experiment  1  were  consistent  with  the  conclusion  that  estimates  were 
based  on  element-level  memory  units  with  frone-relatlve  position  codes; 
frequency  estimates  remained  significant  even  after  the  recall -frequency 
for  each  location  was  “partlalled  out"  of  correlations  between  estimated 
and  actual  frequency,  and  a  relatively  large  proportion  of  the  variance 
In  subjects'  mean-estimates  was  attributable  to  Imprecision  In  position 
coding.  In  retrospect.  It  appears  that  there  was  little  processing  of 
spatial  relations  among  the  elements  of  each  pattern,  perhaps  because 
judgments  of  vertical/horizontal  alignment  were  based  on  whether  there 
were  three  circles  parallel  to  the  vertical  or  horizontal  sides  of  the 
frame.  Since  the  opportunity  to  use  the  sides  of  the  frame  as  the  basis 
of  alignment  judgment  was  not  available  In  the  Diagonal  condition, 
subjects  in  that  condition  had  to  base  their  alignment  judgnents  on  the 
relative  location  of  the  elements.  The  need  to  process  spatial 
relations  among  the  elements  would  account  for  the  higher  level  of 
pattern-recall  accuracy  (the  formation  of  pattern-level  memory  units 
requires  the  coding  of  element-relative  position),  and  the  more  precise 
position  coding  In  the  Olagonal  compared  with  the  Vert leal /Horizontal 
condition. 

To  sianmarlze,  the  processing  of  spatial  relations  among  the  elements 
of  each  pattern  enhanced  the  formation  of  pattern-level  memory  units  and 
Increased  the  accuracy  of  element  position  coding  for  both  element-level 
and  pattern-level  memory  units.  However,  estimation  accuracy  suffered 
for  Phase  1  orienting  tasks  that  stressed  the  formation  of  pattern-level 
memory  units  because:  1)  emphasis  on  the  formation  of  pattern-level 
memory  units  suppressed  the  formation  of  element-level  memory  units,  and 
2)  despite  the  precision  of  their  element  position  codes.  Imprecise 
coding  of  global  location  limited  the  usefulness  of  pattern-level  memory 
units  for  the  estimation  of  element-location  frequency.  Frequency 
estimation  in  this  study  was  best  supported  by  element-level  memory  units 
with  frame-relative  position  codes,  even  though  the  orienting  tasks  which 
emphasized  element-level  processing  could  be  performed  without  attending 
to  all  the  elements  In  each  pattern. 

The  frame-relative  position  of  the  constituent  elements  of  a  pattern 
would,  by  most  standards,  be  considered  highly  superficial  Information 
for  subjects  to  be  retaining.  Our  results  therefore  join  evidence  based 
on  exact  repetition  effects  (e.g.,  Jacoby  t  Brooks,  1984;  Pollatsek,  et 
al.,  1984;  Hock,  et  al.,  1981;  Kolers,  1976)  in  providing  evidence  for 
the  retention  of  meaningless,  superficial  Information.  One  way  of 
explaining  the  retention  of  superficial  details  for  patterns  Is  to 
specify  that  patterns  are  stored  and  retrieved  as  literal,  template-like 
pictorial  copies.  However,  it  has  been  argued  (Nelsser,  1967;  Dodwell, 
1970)  that  template  models  lack  the  flexibility  required  for  stimulus 
generalization:  the  ability  to  recognize  altered  versions  of  previously 
seen  patterns  (e.g.,  Attneave,  1957).  The  results  reported  In  this  paper 
Indicate  that  superficial  element-position  Information  does  not  have  to 
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be  retained  at  the  pattern-level  In  the  form  of  template-like  pictorial 
copies.  Superficial  details  Involving  element  position  were  abstracted 
from  a  series  of  patterns  and  stored  In  the  form  of  element-level  memory 
units  In  the  same  way  that  semantically  Important,  shared  attributes 
might  be  abstracted  from  a  series  of  patterns  belonging  to  the  seme 
category  (e.g.,  Posner  fc  Keele,  1968).  There  Is  no  reason,  therefore,  to 
assume  that  superficial  details  are  represented  any  differently  than  the 
semantically  important  attributes  that  are  the  basis  for  stimulus 
generalization. 
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Footnotes 


Isecause  continuous  contours  could  not  be  displayed  on  the 
monitor,  the  elements  constituting  each  pattern  were  approximations  of 
circles. 

^individually  computed  correlation  coefficients  served  as 
descriptive  statistics  In  this  study.  The  computation  of  mean 
correlation  coefficients  and  t-tests  were  based  on 
Fischer's  jr  to  l  transformation. 

^The  17  patterns  used  in  this  study  were  classifiable  according  to 
the  size  of  their  equivalence  set,  which  Is  determined  by  the  number  of 
patterns  that  can  be  generated  by  rotations  and  reflections  of  the 
pattern  with  respect  to  its  horizontal  and  vertical  axes  (Garner  l 
Clement,  1963).  There  were  two  patterns  with  equivalence  sets  of  size  1, 
eight  with  equivalence  sets  of  size  4,  and  seven  with  equivalence  sets  of 
size  8.  All  four  experiments  reported  In  this  study  replicated  Bell  and 
Handel's  (1976)  evidence  that  the  recall  accuracy  for  a  pattern  was 
Inversely  related  to  the  size  of  its  equivalence  set.  The  results  were 
consistent  with  the  Interpretation  of  equivalence  set  size  as  being 
related  to  the  conflgural  complexity  or  "goodness  of  form"  of  a  pattern 
(Garner  &  Clement,  1963). 

40ver  all  four  experiments,  four  of  the  subjects  were  replaced 
because  they  repeated  the  same  estimate  for  every  location  tested. 

5In  order  to  be  certain  that  subjects'  estimates  of  element- 
location  frequency  depended  on  the  frequency  of  occurrence  of  circles 
rather  than  the  frequency  of  occurrence  of  the  dots  placed  Inside  some  of 
the  circles,  we  selected  dot  locations  in  this  experiment  so  that  there 
was  no  relationship  between  circle  and  dot  frequency  (the  correlation 
between  them  was  -0.09).  The  correlations  between  circle  and  dot 
frequency  in  some  of  the  previous  experiments  turned  out,  by  chance,  to 
be  relatively  high.  In  order  to  determine  whether  dot  frequency 
influenced  the  results  obtained  in  these  experiments,  we  computed 
partial-correlation  coefficients  with  the  effects  of  dot  frequency 
"partialled  out."  Although  there  were  some  fluctuations  in  individual 
data,  the  over-all  pattern  of  data  was  unchanged.  This  Indicated  that 
subjects'  estimates  of  how  often  circles  occurred  at  locations  within  the 
frame  were  Indeed  based  on  circle  frequency  rather  than  dot  frequency. 

Show  the  processing  of  spatial  relations  among  the  elements  of  a 
pattern  might  Increase  the  accuracy  of  frame-relative  position  coding  for 
Individual  elements  Is  a  topic  for  further  Investigation.  One 
possibility  Is  that  codes  based  on  the  perceived  distance  between 
adjacent  elements  in  the  pattern  serve  as  "mental  (jilts  of  measurement" 
which  enhance  the  precision  with  which  subjects  encode  the  distance  of 
each  element  from  the  sides  of  the  frame.  Another  possibility  is  that 
the  perception  of  angular  relations  between  pairs  of  elements  in  the 
pattern  requires  encoding  the  frame-relative  position  of  the  elements  to 
a  greater  level  of  precision  than  would  otherwise  be  the  case. 
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Table  1 

He an  Reaction  Times  (In  msec)  and  Percent  Errors  for  the  Phase  1  Orienting  Tasks. 


Mean 

Response 

Reaction 

Percent 

Experiment 

Phase  1  Task 

Type 

Time 

Errors 

Vertical /Horizontal 

Yes 

945 

6.5 

1 

Alignment 

No 

1056 

3.5 

1 

01  agonal  Alignment 

Yes 

1022 

7.5 

No 

1070 

2.3 

2 

Counting 

»2» 

932 

2.0 

"3" 

996 

4.8 

3 

Present/ Absent 

Present 

845 

3.5 

Absent 

865 

2.2 

4 

Right/Left 

Right 

1041 

6.3 

Left 

1097 

5.4 

Table  2 


Summary  of  the  Correlation  Coefficients  Between  Estimated  Frequency  (Obtained  During 
Phase  2)  and  Actual  Frequency  for  the  16  Locations  Within  the  Frame.  The  Partial 
Correlations  Were  Computed  by  "Partlalllng  out*  the  Effect'  of  Recall -Frequency 
(determined  from  the  Phase  3  Recall  Data)  from  the  Estimated/Actual  correlation. 


Correlation  Partial  Correlation: 

Actual  with  Estimate  Actual  with  Estimate 


Phase  1 

Proportion 
of  Subjects 
with  Positive 

Mean 

Proportion 
of  Subjects 
with  Positive 

Mean 

Experiment  Task 

Correlation 

Correlation 

Correlation 

Correlation 

1  Vertical/Horizontal 

.78 

0.34 

.81 

0.26 

Alignment 

Diagonal  Alignment 

.84 

0.33 

.88 

0.28 

2  Counting 

.81 

0.28 

.78 

0.24 

Intentional 

.94 

0.35 

.75 

0.30 

3  Present/Absent 

.92 

0.35 

.88 

0.33 

Pattern  Memory 

.78 

0.17 

.53 

0.03 

4  Right/Left 

.81 

0.31 

.81 

0.28 

Pattern  Memory 

.63 

0.19 

.50 

0.10 

Percentage  of  Patterns  Correctly  Recalled,  Regardless  of  Whether  They  were  Recalled 
Jn  the  Correct  Location  Within  the  Frame,  and  the  Proportion  of  These  Correctly  ~ 
Recalled  Patterns  That  Were  Recalled  in  the  Correct  Location  Within  the  Frame. 


Experiment 

Phase  1  Task 

Percent 

Correct 

Recall 

Proportion  of  Correctly 
Recalled  Patterns 

In  Correct  Quadrant 

1 

Vertical /Horl zontal 

8.1 

.50 

Alignment 

Diagonal  Alignment 

12.3 

.54 

2 

Counting 

8.5 

.30 

Intentional 

14.2 

.58 

3 

Present/ Absent 

7.4 

.50 

Pattern  Memory 

17.8 

.68 

4 

Right/Left 

6.4 

.46 

Pattern  Memory 

19.7 

.67 

Figure  Captions 

Figure  1.  The  frequency  with  which  circles  occupied  each  of  the  16 
possible  locations  within  the  frane  (for  the  0  deg  orientation  of  the 
patterns). 

Figure  2.  Experiment  1:  For  the  Vertical/Horizontal  and  Diagonal 
conditions,  correlations  between  mean-estimated  and  effective  frequency 
for  the  16  locations  within  the  frame.  Each  correlation  was  computed  for 
a  different  value'of  k,  which  weights  the  contribution  of  occurrence 
frequencies  at  surrounding  locations  in  relation  to  a  location's  actual 
occurrence  frequency  In  determining  the  effective  frequency  of  occurrence 
for  the  location.  The  solid  lines  are  for  correlations  based  on  the 
adjacent-surround,  the  broken  lines  for  correlations  based  on  the 
recti llnear-surrround. 

Figure  3.  Experiment  2:  For  the  Counting  and  Intentional  conditions, 
correlations  between  mean-estimated  and  effective  frequency  for  the  16 
locations  within  the  frame.  Each  correlation  was  computed  for  a 
different  value  of  k,  which  weights  the  contribution  of  occurrence 
frequencies  at  surrounding  locations  In  relation  to  the  location's  actual 
occurrence  frequency  In  determining  the  effective  frequency  of  occurrence 
for  the  location.  The  solid  lines  are  for  correlations  based  on  the 
adjacent-surround,  the  broken  lines  for  correlations  based  on  the 
recti llnear-surrround.  ' 

Figure  4.  Experiment  3:  For  the  Present/Absent  and  Pattern  Memory 
conditions,  correlations  between  mean-estimated  and  effective  frequency 
for  the  16  locations  within  the  frame.  Each  correlation  was  computed  for 
a  different  value  of  k,  which  weights  the  contribution  of  occurrence 
frequencies  at  surrounding  locations  In  relation  to  the  location's  actual 
occurrence  frequency  in  determining  the  effective  frequency  of  occurrence 
for  the  location.  The  solid  lines  are  for  correlations  based  on  the 
adjacent-surround,  the  broken  lines  for  correlations  based  on  the 
recti  1 inear-surrround. 

Figure  5.  Experiment  4:  For  the  Right/Left  and  Pattern  Memory 
conditions,  correlations  between  mean-estimated  and  effective  frequency 
for  the  16  locations  within  the  frame.  Each  correlation  was  computed  for 
a  different  value  of  k,  which  weights  the  contribution  of  occurrence 
frequencies  at  surrounding  locations  In  relation  to  the  location's 
actual  occurrence  frequency  In  determining  the  effective  frequency  of 
occurrence  for  the  location.  The  solid  lines  are  for  correlations  based 
on  the  adjacent- surround,  the  broken  lines  for  correlations  based  on  the 
recti 1 Inear-surrround. 

Figure  6.  Scatterplot  with  eight  points,  each  point  representing  the 
recall  accuracy  and  the  precision  of  position  coding  for  one  of  the  two 
conditions  In  the  four  experiments  reported  In  this  study. 


Weighting  Factor  (K)  Weighting  Factor  (K) 


Weighting 


Weighting  Factor  (K)  Weighting  Factor ( K) 
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SECTION  20 

The  Effect  of  Nonspecific  Memory  Instructions  on  the  Encoding 
of  Frequency  of  Occurrence  Information 

Howard  S.  Hock  and  L.  Clayton  Cavedo 

Greene  (1984)  has  recently  argued  that  the  absence  of  an 
intentional/incidental  in  frequency  coding  in  the  experiments  reported 
by  Hasher  and  Zacks  (1979)  may  have  been  due  to  their  use  of 
nonspecific  memory  instructions  (“try  to  remember  the  items")  in  the 
incidental  condition.  Such  instructions ,  Greene  argued,  could  result 
in  similar  frequency  judgments  in  the  intentional  and  incidental 
conditions  because  of  the  use  of  similar  encoding  strategies  (e.g., 
covert  rehearsal)  in  both  conditions.  If  Greene  is  correct,  an 
intentional/incidental  difference  in  frequency  judgment  should  emerge 
when  the  incidental  “orienting  task"  is  completely  incidental. 

The  stimuli  used  to  test  this  hypothesis  were  strings  composed  of 
four  letters;  half  were  common  English  words,  half  were 
orthographlcally  regular  nonwords.  One  group  of  subjects  participated 
in  a  Lexical  Decision  task,  which  required  that  they  discriminate 
between  the  words  and  nonwords.  Frequency  learning  was  completely 
incidental  for  these  subjects.  The  seoond  group  of  subjects  was 
instructed  to  try  and  remember  the  information  presented.  Successful 
frequency  discrimination  for  the  Lexical  group  would  replicate  Hock, 
Malcus ,  and  Hasher's  (1986)  evidence  that  the  encoding  of  frequency 
information  does  not  require  intentional  effort.  By  comparing 
performance  for  the  Lexical  and  Memory  groups,  we  assessed  whether  any 
advantage  in  the  accuracy  of  frequency  judgments  could  result  from 
processing  strategies  elicited  by  nonspecific  memory  instructions. 

Method 


Design  and  subjects 

This  experiment  involved  a  2  (lexical  vs.  memory  Instructions)  x 
2  (words  vs.  nonwords)  x  6  (frequency  levels  2,  4,  6,  8,  10,  12) 
design.  The  only  between  group  variable  was  "instructions."  Sixteen 
undergraduate  students  at  Florida  Atlantic  Oniversity  voluntarily 
participated  in  the  experiment,  for  which  they  were  paid  $2.00.  Half 
the  subjects  were  assigned  to  the  Lexical  group  and  half  were  assigned 
to  the  Memory  group. 

Materials 

As  indicated  above,  there  were  six  frequency  levels  in  this 
experiment.  Three  common  words  and  three  orthographlcally  regular 
nonwords  were  assigned  to  each  of  the  frequency  levels,  resulting  in  a 
total  of  18  different  words  and  18  different  nonwords.  With  strings 
repeated  according  to  their  assigned  frequency  level,  there  was  a 
total  of  252  strings  in  the  stimulus  list.  The  frequency  level  of  the 
strings,  and  whether  they  were  words  or  nonwords,  was  varied  randomly 
in  the  stimulus  sequence.  The  vast  majority  of  repetitions  were 
separated  in  the  stimulus  sequence  by  a  minimum  of  nine  strings.  Only 
five  repetitions  had  fewer  than  nine  intervening  strings.  Half  the 
subjects  in  each  instructional  condition  were  presented  with  one 
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stimulus  sequence ,  the  other  half  with  the  same  sequence  in  reversed 
order.  The  252  strings  in  the  primary  experimental  list  were  preceded 
by  18  randomly  ordered  practice  strings.  Half  the  practice  strings 
were  words,  half  were  nonwords.  Nona  of  the  practice  items  were 
presented  more  than  once. 

Procedure 

The  stimuli  were  displayed  on  an  Klectrohome  black-and-white 
television  monitor  that  was  controlled  by  a  Data  General  computer. 

Each  string  was  presented  inside  a  small  rectangular  box  that  always 
remained  on  the  screen.  The  exposure  duration  for  each  string  was  one 
sec.  The  interstimulus  interval  was  also  one  sec.  Subjects  in  the 
Lexical  condition  were  instructed  to  press  a  button  marked  “yes"  if 
the  string  presented  was  a  word  and  to  press  the  button  marked  "no"  if 
the  string  presented  was  not  a  word.  Subjects  were  told  to  respond  as 
quickly  as  possible,  but  to  keep  their  errors  to  a  minimum  (incorrect 
responses  were  signalled  by  a  brief  flash  of  the  stimulus  box).  They 
received  no  instructions  suggesting  that  there  would  be  any  sort  of 
memory  test.  When  asked  at  the  conclusion  of  the  experiment,  none  of 
the  subjects  in  the  Lexical  condition  indicated  any  expectation  that 
there  would  be  receiving  a  memory  test.  Subjects  in  the  Memory 
condition  were  told  to  try  to  remember  the  information  presented  on 
the  screen.  They  received  no  instructions  suggesting  that  they  would 
receive  a  frequency  teat. 

Subjects  in  both  the  Lexical  and  Memory  conditions  received 
the  same  frequency  discrimination  test.  A  string  was  presented  on  the 
screen,  along  with  the  six  alternative  frequency  levels  used  in  the 
experiment.  Subjects  were  required  to  select  the  frequency  they 
thought  corresponded  to  how  often  the  string  appeared  in  the  list. 

They  were  given  all  the  time  they  needed  for  each  response  before  the 
next  string  was  presented.  Half  the  subjects  in  each  instructional 
condition  received  one  random  order  of  the  36  test  strings  (18  words, 
18  nonwords).  The  other  half  received  the  same  sequence  in  reversed 
order. 


Results  and  Discussion 

Mean  reaction  times  for  subjects  in  the  Lexical  group  were  559 
msec  for  "yes"  responses  and  625  mseo  for  "no"  responses.  The 
advantage  in  processing  time  for  "yes”  responses  was  obtained  for  each 
subject.  It  was  typical  of  the  Lexical  Decision  paradigm. 

Mean  frequency  judgments  are  presented  in  Table  1.  Of  primary 
interest  in  these  data  were  two  results.  First,  frequency 
discrimination  appeared  to  be  somewhat  better  for  subjects  in  the 
Memory  condition  than  for  subjects  in  the  Lexical  condition.  This  was 
indicated  by  the  significant  interaction  between  instructional 
condition  (Lexical  vs.  Memory)  and  frequency  level  (2,4,6,8,10,12), 
[F(5,70)  :  3.76,  p  <  .005,  MSe  =  12.66].  Second,  subjects 
successfully  discriminated  among  the  alternative  frequency  levels 
following  the  Lexical  Decision  orienting  task.  This  was  indicated  by 
a  test  of  simple  effects,  which  indicated  that  the  effect  of  frequency 
level  was  significant  for  subjects  in  the  Lexical  condition.  Also 
significant  in  this  experiment  was  the  interaction  between  string-type 
(words  vs.  nonwords)  and  frequency  level,  and  the  three-way 


77 


interaction  between  atrlng-tjrpe ,  frequency  level,  and  instructions 
[F(5,70)  =  3.10,  and  [F(5,70)  =  2.44,  p  <  .05,  MSe  =  18.18, 
respectively].  These  interactions  reflect  the  tendency  for  frequency 
discrimination  to  be  better  for  nonwords  than  words,  but  primarily  in 
the  Lexical  condition.  Mo  further  mention  will  be  made  of  this  effect 
of  stimulus  type  since  in  subsequent  research  we  have  continued  to 
observe  a  small  advantage  when  subjects  receive  memory  Instructions 
(compared  to  completely  incidental  conditions),  but  the  advantage  is 
as  likely  to  appear  for  words  as  for  nonwords. 

Finally,  correlations  between  Judged  and  true  (list)  frequency 
were  obtained  for  individual  subjects.  The  correlations  were  positive 
for  all  16  subjects  participating  in  this  experiment.  All  eight 
correlations  were  individually  significant  for  subjects  in  the  Memory 
condition  (they  ranged  from  0.41  to  0.68).  Six  of  eight  correlations 
were  individually  significant  for  subjects  in  the  Lexical  condition 
(they  ranged  from  0.21  to  0.62). 

The  results  of  this  experiment  thus  provided  further  evidence 
that  frequency  information  can  be  accurately  encoded  under  truly 
incidental  acquisition  conditions  (the  Lexical  decision  condition). 
However,  the  results  also  show  that  nonspecific  memory  instructions 
can  elicit  strategies,  like  covert  rehearsal,  which  can  enhance 
frequency  discrimination  relative  to  truly  incidental  acquisition 
conditions . 


Table  1 

Mean  frequency  judgments  for  words  and  nonwords  following 
lexical  decision  instructions  or  “remember  the  information 
presented"  instructions . 

Lexical  Decision  Instructions 

Frequency  Level 


12 

10 

8 

6 

4 

2 

Words 

7.2 

7.3 

7.8 

8.0 

4.1 

4.2 

Nonwords 

7.8 

6.8 

6.8 

5.5 

5.8 

4.8 

Mean 

7.5 

7.1 

7.4 

6.8 

5.0 

4.5 

Memory  Instructions 

12 

10 

8 

6 

4 

2 

Words 

8.1 

8.1 

7.6 

5.7 

4.8 

4.2 

Monwords 

8.2 

8.1 

6.7 

6.8 

5.3 

4.7 

8.7  8.6  7.2  6.3  5.1  4.5 


Mean 
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ZkIu  have  presented  interesting  data 
suggesting  that  frequency  encoding  can  be 
controlled  by  variables  somewhat  different 
from  those  of  other  stimulus  attributes; 
however,  they  have  not  demonstrated — by 
their  own  criteria — the  automatic] ty  of 
frequency  encoding. 

Substantial  Disruption  From  Redaction 
incapacity 

Hasher  and  Zacks  argued  that  automatic 
processes  should  not  be  disrupted  by  re¬ 
duced  capacity.  Indeed,  there  is  substantial 
evidence  that  automatic  processes  are  re¬ 
source  (capacity)  insensitive  (e.g,  see  Fisk 
A  Schneider,  1983,  1984;  Schneider  A 
Fisk,  1982,  1984).  By  the  “joint  satisfac¬ 
tion”  rule  of  Hasher  and  Zacks,  frequency 
estimation  cannot  be  automatic  if  reduc¬ 
tion  in  capacity  disrupts  frequency  of  oc¬ 
currence  estimations.  Hasher  and  Zacks 
stated  that  “reductions  in  capacity  over 
the  ranges  so  far  explored  do  not  affect 
performance  on  frequency  tests”  (p.  1 378). 
Available  data  clearly  contradict  this 
statement 

Fisk  and  Schneider  (1984)  carried 
out  an  experiment  requiring  subjects  to 
perform  a  digit  detection  visual  search  task 
while  simultaneously  detecting  words  from 
a  semantic  category  (e.g,  types  of  vehi¬ 
cles).  After  substantial  practice,  untrained 
exemplars  of  the  trained  category  were  in¬ 
troduced  as  well  as  new  distractors  from 
other  categories.  The  distractors  were  pre¬ 
sented  either  I,  5,  10.  or  20  times.  In  a 
dual  task,  subjects  were  able  to  detect  the 
untrained  exemplars  from  the  trained 
category  with  a  high  degree  of  accuracy 
without  disrupting  the  primary  digit 
search  task  performance.  (Those  results 
indicate  that  subjects  were  processing  the 
words  at  least  up  to  the  semantic  category 
level  in  an  automatic  mode.)  However, 
subjects'  estimated  frequency  of  occur¬ 
rence  of  the  test  distractors  was  indepen¬ 
dent  of  the  actual  presentation  frequency. 
Frequency  estimation  was  relatively  good 
when  the  subjects'  resources  were  not  al¬ 
located  to  the  digit  search  task  (Experi¬ 
ment  2  vs.  Experiment  1  semantic  ori¬ 
enting  condition).  These  data  demonstrate 
that  withdrawal  of  resources  from  the  fre¬ 
quency  estimation  task  disrupts  the  ability 
to  judge  frequency  of  occurrence.  These 
data  do  not  fit  the  pattern  of  results  that 
Hasher  and  Zacks  would  need  to  argue 
Cor  automatic] ty  of  frequency  encoding 

Nmd  for  Substantial 
Methodological  Care 

Fisk  and  Schneider  (1984)  have  dearly  il¬ 
lustrated  the  requirement  for  substantial 
methodological  care  in  attempting  to  as¬ 
sess  relatively  pure  automatic  and  non- 


automatic  (controlled)  processes.  In  light 
of  the  publication  by  Hasher  and  Zacks, 
it  appears  important  to  reiterate  Fisk  and 
Schneider’s  ( 1 984)  requirements.  To  assess 
relatively  pure  automatic  processes,  re¬ 
searchers  must  (a)  provide  evidence  as  to 
bow  well  the  stimuli  actually  are  pro¬ 
cessed;  (b)  provide  evidence  of  the  sensi¬ 
tivity  of  the  memory  test;  (c)  provide  an 
excellent  cover  story;  (d)  require  subjects 
to  perform  a  highly  demanding  controlled 
processing  (attention -demanding)  task  as 
the  primary  task;  (e)  test  for  frequency  es¬ 
timation  only  after  subjects  have  learned 
to  allocate  attention  to  the  nonautomatic 
task;  and  (f )  design  the  task  to  control  for 
“drift"  of  attentional  resources  away  from 
the  controlled  processing  task  to  the  au¬ 
tomatic  task.  The  latter  three  requirements 
may  be  met  if  (a)  automatic  processes  are 
well  developed  (e.g,  over  2,000  trials  of 
successful  executions  of  the  automatized 
task);  (b)  subjects  are  trained  to  devote  frill 
processing  capacity  to  the  controlled  pro¬ 
cessing  (primary)  task;  (c)  buffer  words  are 
presented  after  automatically  processed 
targets;  (d)  buffer  words  are  presented  at 
the  beginning  of  each  trial  to  allow  time 
to  refocus  attention;  and  (e)  highly  emo¬ 
tional  words  (such  as  rape  or  murder)  are 
not  used. 

Summary  of  Aotoosatidty  of  Frequency 
Encoding 

Hasher  and  Zacks  (1984)  argued  that  the 
pattern  of  null  results  they  reported  is  . 
critical  because  their  “definition  of  auto¬ 
matic  frequency  encoding  hinges  on  the 
joint  satisfaction  of  six  criteria”  (p.  1 379). 
(Their  criteria  predict  a  pattern  of  null  re¬ 
sults.)  This  comment  has  pointed  to  data 
that  indicate  that  two  of  their  criteria  are 
not  supported  in  the  literature.  The  ref¬ 
erences  cited  in  this  brief  comment  indi¬ 
cate  dear  patterns  of  instruction  or  strat¬ 
egy  effects  in  the  estimation  of  frequency. 
Data  also  dearly  show  the  disruption  of 
frequency  encoding  when  resources  are 
withdrawn  from  the  frequency  estimation 
task.  Contrary  to  the  assertion  of  Hasher 
and  Zacks,  it  does  not  appear  that  fre¬ 
quency  information  is  inevitably  encoded 
into  memory. 
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In  the  contemporary  cognitive  literature, 
the  term  automatic  has  a  number  of  def¬ 
initions  (C4-,  ShiSrin,  in  press).  For  the 
most  pan,  these  definitions  are  not  con¬ 
tradictory  but  complementary  to  one  an¬ 
other.  That  it,  there  is  significant  com¬ 
monality  among  them,  with  the  differences 
arising  mainly  from  the  association  of  the 
various  definitions  with  research  in  dif¬ 
ferent  cognitive  domains.  However;  mis¬ 
matches  of  concerns  can  occur  when  dif¬ 
ferent  views  of  autotnatidty  are  juxta¬ 
posed.  Fisk’s  comment  (this  issue,  pp. 
215-216)  presents  such  a  mismatch  on  the 
topic  of  methodological  problems  in  the 
study  of  automaticity. 

As  we  have  used  the  term  automa- 
tidty,  it  refers  to  s  process  by  which  some 
attribute?  of  an  attended  to  stimulus  are 
encoded  into  memory.  We  have  studied 
this  process  mainly  through  the  use  of  list 
memory  procedures  (Hasher  A  Zacks, 
1984,  p.  1373).  By  contras,  the  context 
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or  Fisk's  comment  is  a  view  of  automatic- 
ity  derived  from  the  study  of  automatic 
search  mechanisms,  particularly  as  they 
slowly  develop  in  multiple  frame  visual 
search  tasks  (eg..  Fisk  &  Schneider,  1984). 
Because  of  the  different  foci  of  the  two 
positions,  and  especially  because  of  the 
associated  difference  in  research  para¬ 
digms,  several  of  the  methodological 
problems  that  Fisk  addresses  either  do  not 
fit  our  coocerns  or  are  irrelevant  to  them. 
The  latter  is  most  dramatically  illustrated 
by  requirement  (a)  on  page  216:  that  there 
be  something  “over  2,000  trials  of  suc¬ 
cessful  executions"  of  a  task  before  it  can 
be  assumed  that  automaticity  has  been  es¬ 
tablished.  In  our  view,  frequency  infor¬ 
mation  is  encoded  into  memory  (assuming 
attention  to  stimuli)  on  all  exposures,  in¬ 
cluding  the  1st  and  the  2,000th. 

It  is  important  to  note  here  that  we 
have  specified  one  boundary  condition  for 
the  obligatory  encoding  of  such  funda¬ 
mental  attributes  as  frequency  of  occur¬ 
rence;  that  the  stimuli,  although  not  nec¬ 
essarily  the  attribute,  be  attended  to 
(Hasher  &  Zacks,  1979,  p.  359).  It  may  be 
useful  to  elaborate  on  what  we  mean  by 
the  phrase  “attended  to."  We  interpret  this 
phrase  in  a  manner  consistent  with  late 
selection  views  of  attention  such  as  that 
of  Duncan  (1980).  He  argued  that  stimuli 
are  fully  analyzed  preattentively,  including 
extraction  of  their  form  and  meaning.  The 
limited  capacity  atlentional  system  comes 
into  play  to  determine  which  products  of 
preattentive  processing  will  be  attended  to 
and  thereby  brought  into  consciousness. 
That  is,  evidence  of  some  degree  of  pro¬ 
cessing  of  stimuli,  even  of  semantic  pro¬ 
cessing  is  not  sufficient  to  demonstrate 
that  the  stimuli  have  been  attended  to  in 
a  manner  that  meets  our  boundary  con¬ 
dition. 

These  considerations  form  the  basis 
for  our  response  to  Fisk's  claim  that  re¬ 
duction  in  capacity  does  (contrary  to  our 
view)  disrupt  encoding  of  frequency  in¬ 
formation.  The  data  to  support  this  claim 
come  entirely  from  a  study  by  Fisk  and 
Schneider  (1984).  In  that  study  it  was 
demonstrated  that,  given  extensive  prac¬ 
tice,  subjects  are  able  to  automatically 
perform  even  semantically  based  category 
searches  on  wards;  that  is,  such  searches 
can  be  performed  on  words  that  are  not 
consciously  attended  to.  If  so,  Fisk  and 
Schneider's  finding  that  subjects  have  no 
memory  for  the  frequency  of  occurrence 
of  distractors  in  this  paradigm  is  net  con- 
trary  to  our  pocitioo:  According  to  our  ex¬ 
plicit  boundary  condition,  stimuli  that  are 
processed  in  a  nonattended  way  are  not 
expected  to  leave  a  record  in  memory  that 
supports  reliable  judgments  of  frequency 


of  occurrence.  In  fact,  Fisk  and  Schneider 
(1984,  p.  1 89)  explicitly  acknowledged  this 
boundary  condition  in  discussing  the  rel¬ 
evance  of  their  data  to  our  view  of  fre¬ 
quency  encoding  Thus,  it  is  somewhat 
surprising  that  Fisk  included  this  line  of 
argument  in  his  commentary. 

We  turn  now  to  Fisk's  remaining 
criticism,  concerning  the  impact  of  in¬ 
structions  oo  the  encoding  of  frequency 
of  occurrence  information.  Our  instruc¬ 
tional  criterion  states  that  warning  subjects 
about  a  forthcoming  attributes  test  will  not 
improve  their  ability  to  encode  funda¬ 
mental  attributes.  This  is  so  because  of 
the  presumption  that  automatic  encoding 
processes  function  optimally  and  contin¬ 
uously.  Before  addressing  the  issue  of 
whether  the  data  agree  with  this  criterion, 
we  need  to  clarify  a  distinction  between 
test  instructions  and  cover  task  instruc¬ 
tions  that  is  honored  in  the  memory  lit¬ 
erature  but  is  blurred  over  in  Fisk's  com¬ 
mentary.  There  is  a  difference  between  in¬ 
structions  about  whether  to  expect  a 
forthcoming  memory  test  (and  if  so,  of 
what  specific  type)  and  instructions  about 
bow  to  process  each  item  as  it  appears 
(typically  called  “orienting"  or  "cover" 
tasks).  This  clarification  is  necessary  to 
show  that  the  existing  data  (a)  largely  con¬ 
form  to  our  instructional  criterion  or  (b) 
can  be  explained  by  an  assumption  about 
subjects'  coven  rehearsal  processes  as  they 
proceed  through  a  list  of  items.  We  turn 
first  to  the  impact  of  test  instructions. 

Intentional  test  instructions  inform 
subjects  about  the  nature  of  the  target  in¬ 
formation  that  will  be  tested  (e.g,  the 
words  themselves,  the  frequency  with 
which  each  occurs,  their  temporal  dura¬ 
tion  or  order).  Intentional  instructions 
range  in  the  degree  to  which  they  go  oo 
to  specify  the  actual  nature  of  the  forth¬ 
coming  test  from  ones  that  are  detailed 
(e.g,  four-alternative,  forced-choice  item 
recognition  frequency  estimation  or  dis¬ 
crimination,  position  judgments)  to  ones 
that  are  rather  vague,  as  when  subjects  are 
amply  told  of  a  “lest"  without  any  further 
information.  For  our  purposes  of  assessing 
the  impact  of  instructions  on  the  encoding 
of  fundamental  information  into  memory, 
intentionally  instructed  subjects  must 
know  that  their  knowledge  of  a  particular 
attribute  (eg.,  frequency)  is  what  is  going 
to  be  tested. 

Incidental  instructions  are  of  two 
types.  The  first  warns  subjects  only  of  some 
unspecified  type  of  test,  without  any  spe¬ 
cific  information  about  the  target  infor¬ 
mation  to  be  tested.  For  example,  subjects 
might  expect  a  memory  test  without 
knowing  that  frequency  memory  will  be 
tested.  In  the  second  type  of  incidental  in¬ 


structions,  subjects  are  totally  uninformed 
about  a  memory  test  In  this  circumstance 
(sometimes  referred  to  as  “uuly”  inciden¬ 
tal)  subjects  are  typically  given  some  task 
that  “orients"  them  to  the  items  to  ensure 
that  the  items  are  actually  attended  to  and 
that  subjects  do  not  guess  at  the  existence 
of  a  memory  test. 

In  conformity  with  the  instructional 
criterion  of  our  framework,  encoding  of 
frequency  of  occurrence  information  oc¬ 
curs  with  both  intentional  and  incidental 
instructions  (see  Hasher  &  Zacks,  1984, 
pp.  1373-1375).  Furthermore,  recent  re¬ 
search  of  ours  shows  that  encoding  of  fre¬ 
quency  under  a  number  of  truly  incidental 
conditions  with  compelling  cover  tasks 
(eg.,  a  S troop  task,  a  sentence  completion 
task)  is  as  good  as  that  under  incidental 
and/or  intentional  instructional  conditions 
(Zacks,  Doren,  Hamm,  Hasher,  &  Hock, 
1985).  Two  recent  articles  have  also  ad¬ 
dressed  this  issue,  but  they  have  yielded 
contradictory  conclusions  that  make  their 
impact  unclear.  On  the  one  hand,  Greene 
(1984)  found  that  a  truly  incidental  cover 
task  yielded  poorer  frequency  knowledge 
than  the  same  cover  task  combined  with 
either  vague  or  explicit  memory  test  in¬ 
structions.  On  the  other  hand,  using  pro¬ 
cedures  very  similar  to  Greene’s,  Kausler, 
Lichty,  and  Hakami  (1984)  obtained  a 
pattern  of  frequency  knowledge  in  keeping 
with  the  automaticity  criterion  of  no  in¬ 
structional  differences.  Our  current  con¬ 
clusion  is  that,  in  the  main,  the  results  on 
this  variable  confirm  the  automaticity 
view. 

We  turn  now  to  the  second  type  of 
instructional  manipulation,  which  in¬ 
volves  varying  the  type  of  orienting  or 
cover  tasks  given  to  subjects.  These  in¬ 
structions  are  sometimes,  though  not  al¬ 
ways,  combined  with  the  various  types  of 
intentional  and/or  incidental  test  instruc¬ 
tions,  a  fact  that  no  doubt  contributes  to 
the  blurring  of  tbe  distinction  between 
what  are  actually  two  very  different  sorts 
of  instructional  manipulations.  A  variety 
of  orienting  tasks  have  been  used.  As  ex¬ 
amples,  subjects  may  be  asked  to  rate  each 
item  as  it  appears  for  pleasantness  or  to 
indicate  tbe  number  of  syllables  each  has. 
Such  tasks  ensure  that  subjects  pay  atten¬ 
tion  to  each  stimulus  item,  but  they  may 
also  (depending  on  the  particular  tasks 
chosen)  result  in  different  amounts  of  co¬ 
vert  rehearsals  of  tbe  items  in  tbe  list  For 
example,  subjects  who  are  rating  items  for 
pleasantness  will  try  to  keep  their  scale 
constant  across  the  list  and  in  to  doing 
will  rehearse  previously  presented  list 
items  (“Let’s  see,  1  think  this  word  is  a  6; 
it's  as  pleasant  as  word  X,  which  I  also 
called  a  6").  When  tbe  cover  task  directs 
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attention  to  individual  hems,  as  counting 
syllables  would  seem  to,  fewer  rehearsals 
of  prior  hems  occur  (see  Postman  4 
Kruesi,  1977).  Typically  (e.g.,  Fisk  4 
Schneider,  1984,  Experiment  1;  Rose  4 
Rowe,  1976)  the  judgments  are  higher  for 
tasks  that  encourage  rehearsals  than  for 
tasks  that  do  not 

We  agree  that  cover  tasks  differing  in 
the  degree  to  which  subjects  engage  in  re¬ 
hearsals  will  result  in  different  frequency 
judgments.  We  do  not  see  this  as  a  con¬ 
tradiction  to  our  framework  because  of  the 
following  two  empirical  observations  (see 
e.g.,  Johnson,  Taylor,  4  Raye,  1977):  (a) 
Subjects  are  able  to  judge  the  frequency 
of  both  actual  occurrences  of  items  and 
imagined  (or  rehearsed)  occurrences;  and 
(b)  imagined  occurrences  inflate  judg¬ 
ments  of  actual  occurrences  (apparently 
because  people  sometimes  confuse  mem¬ 
ory  traces  from  the  two  different  sources; 
see  Johnson  4  Raye,  1981).  Thus  from 
our  point  of  view,  any  variable  such  as 
cover  task  instructions  that  allows  for  dif¬ 
ferential  rehearsal  rates  will  set  the  stage 
for  differential  frequency  judgments.  We 
haw  not,  as  Fisk  alleges,  ignored  this  isue, 
nor  have  we  ignored  the  relevant  data  (see 
Hasher  4  Zacks,  1984, p.  I380);weaeem, 
however,  not  to  have  made  ourselves  dear. 
In  any  event,  Fisk's  commentary  does  not 
attempt  to  criticize  our  explanation  of  the 
impact  of  orienting  tasks  on  frequency 
judgments,  and  in  the  absence  of  such 
criticism  there  is  no  compelling  reason  to 
abandon  it  His  remarks  do  not  present  a 
dear  case  against  our  speculations  about 
the  special  way  in  which  frequency  infor¬ 
mation  is  encoded. 
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Anonymous  Reviewing  and  the 
Peer-Review  Process 
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It  is  refreshing  indeed  to  aee  that  the  topic 
of  the  peer-review  process,  specifically  the 
matter  of  anonymous  review  of  manu¬ 
scripts  submitted  for  publication,  is  mov¬ 
ing  from  the  realm  of  speculation  to  the 
laboratory.  Ceci  and  Peters's  comment 
(December,  1984)  is  a  case  in  point.  They 
reported  an  investigation  in  which  re¬ 
viewers  for  psychological  journals  rou¬ 
tinely  using  so-called  anonymous  review¬ 
ing  were  asked  to  try  to  guess  the  authors)' 
identity.  Results  of  this  study  showed  that 
overall,  35.6%  of  the  146  participating  re¬ 
viewers  were  comet  in  their  identification 
of  the  author  (or  one  of  the  authors)  of 
the  papers  reviewed.  These  findings  were 
taken  as  evidence  that  anonymous  re¬ 
viewing  is  “fairly  blind”  and  that  propo¬ 
nents  of  anonymous  reviews  should  have 
confidence  in  its  feasibility; 

But  does  knowledge  of  authorship 
ultimately  affect  publication?  Is  there  a 
negative  bias  against  unknown  authors  af¬ 
filiated  with  low-prestige  institutions  and 
a  positive  bias  in  favor  of  known  authors 
affiliated  with  high-prestige  institutions? 
These  are  the  critical  questions  over  which 
the  peer-review  process  has  come  under 

ftlw-k 

It  it  regrettable  that  Ced  and  Peters 
did  not  carry  their  study  ■  step  further 
and  address  this  important  question  Ass 


start,  it  would  be  nice  to  know  what  pro¬ 
portion  of  the  35.6%  of  papers  whose  au¬ 
thors  were  identified  by  the  reviewers  was 
ultimately  published.  Is  this  significantly 
different  from  the  proportion  of  the  re¬ 
maining  papers  (whose  authors  were  not 
identified  correctly)  published?  It  is  to  be 
hoped  that  future  studies  will  wrestle  with 
these  questions. 

It  appears  that  there  are  three  pos¬ 
sible  approaches  to  the  peer-review  pro¬ 
cess.  The  two  that  have  been  most  fre¬ 
quently  employed  involve  either  single¬ 
blind  review,  in  which  the  reviewer  knows 
the  identity  of  the  author  but  the  author 
does  not  know  the  identity  of  the  reviewer, 
and  double-blind  review,  in  which  neither 
author  nor  reviewer  knows  the  other’s 
identity.  Because  both  approaches  have 
elicited  so  much  heated  controversy,  is  it 
not  time  to  try  the  remaining  alternative, 
namely,  peer  review  in  which  the  identities 
of  author  and  reviewer  are  made  known 
to  each  other?  At  the  risk  of  igniting  an¬ 
other  controversy,  1  would  like  to  suggest 
that  this  may  indeed  be  the  fairest  and 
most  effective  solution  to  the  problem. 
Why  should  a  reviewer  hide  behind  a  doak 
of  anonymity?  If  a  critique  has  merit  and 
is  really  fair,  surely  the  critic  ought  to  have 
sufficient  courage  of  his  or  her  own  con¬ 
victions  to  be  willing  to  sign  it  Or  is  anon¬ 
ymous  review  simply  a  license  for  some 
reviewers  to  hit  below  the  belt?  Certainly 
open  review  would  be  in  the  tradition  of 
Anglo-Saxon  justice,  where  accuser  and 
accused  are  able  to  face  each  other  on 
equal  footing  and  where  openness  and  tbe 
weight  of  evidence  take  precedence  over 
rhetoric  and  reputation. 
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Tbe  Behavioral  Effects 
of  Sugar.  A  Comment 
on  Buchanan 

Richard  Milich 
University  of  Kentucky 

Scott  Lindgren  and  Mark  Wobakh 
University  cf  Iowa 

Buchanan  (November  1984)  labeled  re¬ 
fined  sugar  a  “toxin"  and  called  for  in¬ 
vestigations  of  the  effects  of  sugar  on  be¬ 
havior.  He  appeared  unaware  that  during 
the  last  several  years  studies  have  been  un¬ 
dertaken  to  systematically  examine  tbe  ef¬ 
fects  of  sugar  ingestion  on  the  behavior  of 
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SECTION  27 

Emphasis  on  Global- Lavs 1  Codas  Supprassas  tha  Formation  of 
Component -Level  Codas 

Howard  8.  Hock,  Lawrence  Malcus,  and  L.  Clay  Cavado 


Hock,  Throckmorton,  Webb,  and  Rosenthal  (1981)  found  that  tha 
phonological  processing  of  words  (but  not  of  nonworda)  suppressed  tha 
ratantion  of  graphemic  information  associatad  with  tha  words.  That 
is,  previously  presented  nonworda  that  ware  phonological ly  processed 
ware  recognised  more  accurately  when  they  were  presented  in  the  same 
case  during  recognition  testing  compared  with  whan  they  ware  presented 
in  a  different  case;  this  advantage  of  a  familiar  viaual  format  was 
not  obtained  for  phonemically  processed  words.  These  results 
suggested  that  what  is  remembered  in  a  series  of  letter  strings  is 
influenced  by  how  information  in  the  lexicon  is  activated  during  the 
processing  of  the  strings.  When  lexical  access  is  based  on 
global-level  units  (phonological  units  in  the  Hock,  et  al. ,  1981, 
study),  there  is  little  retention  of  the  visual  characteristics  of  the 
string;  visusl  characteristics  are  retained  when  lexical  access  is 
nonphono logical ,  or  when  there  is  no  lexical  activation  (for 
nonworda).  Since  nonphonological  lexical  access  appears  to  depend  on 
letter-level  visual  units  (McClelland,  1978;  Noice  A  Book,  1987), ( it 
was  hypothesised  that  experimental  conditions  which  Increase  the 
likelihood  of  direct  visual  access  to  the  lexicon  would  facilitate  the 
retention  of  letter-level  memory  units,  whereas  experimental 
conditions  which  increase  the  likelihood  of  nonvisual  (phonological) 
access  to  the  lexicon  would  reduce  retention  of  letter-level  memory 
units.  Since  the  hypothesis  specifies  that  lexical  activation  is 
critical  to  differences  in  letter-level  coding,  the  experimental 
factors  that  affect  the  encoding  of  letter-level  units  should  be  of 
lesser  importance  for  nonwords,  and  for  tasks  which  do  not  require 
lexical  access. 

The  stimuli  presented  were  randomly  mixed  lists  of  words  and 
nonwords.  One  version  of  each  list  was  printed  entirely  in  upper-case 
(e.g.,  L18T),  the  other  in  alternating-case  (e.g.,  LiSt).  The  reason 
for  introducing  the  alternating-case  condition  was  to  make  the  stimuli 
visually  unfamiliar,  decreasing  the  likelihood  that  lexical  access 
would  be  based  on  the  visual  characteristics  of  the  words.  For  some 
lists,  the  nonworda  were  orthographically  regular  (e.g.,  TIBS),  for 
other  lists  the  nonwords  were  orthographically  irregular  (e.g.,  TBKI). 
The  reason  for  this  contrast  was  that  previous  research  by  Shulman, 
Hornak,  and  Sanders  (1978)  suggested  that  lexical  decisions  based  on  a 
nonvisual,  phonological  representation  of  a  word  were  more  likely  when 
the  nonwords  in  the  list  were  orthographically  regular  (and 
pronounceable)  than  when  they  were  orthographically  irregular  (and 
unpronounceable).  There  were  three  cover  tasks  accompanying  the 
presentation  of  the  words  and  nonwords:  1)  a  Letter  Detection  task  in 
which  subjects  were  required  to  search  through  each  string  for  the 
presence  of  a  "0"  or  “1" ,  2)  a  Lexical  Decision  task  in  which  subjects 
were  required  to  discriminate  between  the  words  and  nonwords,  and  3) 
an  Intentional  condition  in  which  subjects  were  told  to  remember  the 
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frequency  of  occurrence  of  the  constituent  letters  of  the  strings. 

Based  on  the  results  of  a  study  by  Hock,  Halcus,  and  Hasher 
(1986),  the  encoding  of  letter-level  memory  units  was  assessed  by 
having  subjects  estimate  the  frequency  with  which  various  letters 
appeared  in  a  sequence  of  strings.  However,  as  pointed  out  by  Bock, 
et  al.  (1986),  letter  frequency  estimates  could  be  based  on  the 
retrieval  of  string-level  memory  units  as  well  as  the  retrieval  of 
letter-level  memory  units.  That  is,  using  a  version  of  Tversky  and 
Kahneman'a  (1973)  availability  heuristic,  subjects  could  base  their 
estimate  of  a  letter's  frequency  on  the  number  of  strings  they  could 
recall  that  included  the  letter  being  estimated.  Hock,  et  al.  (1986) 
evaluated  this  possibility  by  obtaining  free  recall  data  following  the 
frequency  estimation  phase  of  their  experiment,  determining  the  number 
of  times  each  letter  appeared  in  correctly  recalled  strings,  and 
computing  reliable  partial-correlation  coefficients  with  the  effects 
of  recall-frequency  “held  constant. "  A  similar  procedure  was  used  in 
the  present  study  in  order  to  assess  the  encoding  of  letter-level 
memory  units  independent  of  the  effects  of  global -level  memory  units 
on  the  estimation  of  letter  frequency. 

Method 

Subjects.  Two  hundred  and  eighty  eight  undergraduate  students  in 
psychology  classes  at  Florida  Atlantic  Oniversity  participated  in  this 
experiment,  for  which  they  received  class  credit. 

Stimuli.  The  stimuli  presented  during  the  first  phase  of  the 
experiment  were  strings  of  four  letters,  half  of  which  were  words  and 
half  of  which  were  nonwords.  8ixteen  of  the  consonants  composing 
these  strings  were  designated  as  target  letters;  frequency  estimates 
obtained  for  these  consonants  during  Phase  2  of  the  experiment 
provided  the  data  of  primary  interest  for  the  experiment. 

Eight  different  stimulus  lists  were  constructed.  For  each  list, 
eight  of  the  target  consonants  appeared  only  in  words  and  the  other 
eight  appeared  only  in  nonwords.  Each  set  of  eight  target  consonants 
was  further  subdivided  into  four  sets  of  two  letters.  The  average 
background  frequencies  of  usage  (Maysner  &  Tresselt,  1965)  were 
similar  for  the  four  letter  pairs.  Each  pair  of  letters  was  assigned 
to  one  of  four  frequency  levels  (4,  8,  16,  and  32).  For  example,  the 
letter  "P”  occurred  16  times  by  virtue  of  appearing  in  16  different 
words.  The  letter  "V"  also  occurred  in  16  different  words,  sometimes 
in  the  same  word  as  ~P"  and  sometimes  in  words  with  other  consonants. 
Strings  containing  a  target  consonant  appeared  only  once  in  a  list. 

Ho  string  contained  more  than  two  target  consonants,  and  the  same 
target  consonant  did  not  appear  more  than  once  in  a  string. 

Repetition  of  a  target  consonant  occurred  only  after  a  minimum  of  two 
intervening  strings  that  did  not  include  the  target.  Matching  lists 
were  generated  by  switching  the  eight  target  consonants  assigned  to 
the  words  and  the  eight  target  consonants  assigned  to  the  nonwords 
(new  words  and  nonwords  were  generated).  The  frequency  levels  to 
which  the  target  consonants  were  assigned  were  also  chiutged  in 
switching  the  target  consonsants  between  words  and  nonwords. 

Additional  lists  were  generated  by  varying  the  nature  of  the 
nonwords;  half  were  orthographical ly  regular  and  pronounceable,  half 
were  orthographical ly  irregular  and  unpronounceable.  Finally,  half 
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the  liata  war*  print ad  entirely  in  upper-case,  and  half  wait  print ad 
in  alternating-case  (tha  format  for  aach  atring  was  aithar 
lower-upper-lower-upper  or  upper- lower-upper- lower ,  evenly  dividad 
between  words  and  nonworda).  Aa  a  raault  of  countarbalancing  thraa 
factors  (tha  consonants  aaaignad  to  words  or  nonwords ,  tha  tjrpa  of 
nonwords ,  tha  type  of  casa-f ormat) ,  sight  diffarant  lists  ware 
ganaratad.  Thirty  six  subjects  worked  with  aach  list,  twalva  for  aach 
of  tha  thraa  orianting  taaka.  Sub J act a  wars  randomly  aaaignad  to 
forward  and  ravaraa  varaiona  of  aach  list,  with  tha  words  and  nonworda 
randomly  ordarad  within  aach  list. 

Each  stimulus  list  was  pracadad  by  tha  sams  40  practica  strings 
(20  words  and  20  nonwords  in  random  ordsr).  Nona  of  tha  practica 
strings  included  any  of  tha  16  target  consonants.  Four  stimulus  lists 
contained  160  randomly  ordarad  strings,  eight  of  which  ware  filler 
strings  which  did  not  include  any  target  letters.  Tha  fillers  were 
used  to  maintain  a  minimum  of  two  intervening  strings  between 
occurrences  of  a  target  letter.  Four  stimulus  lists  had  more  fillers, 
bringing  their  length  to  200  items. 

Design.,  The  experiments  ware  conducted  in  three  phases: 
acquisition,  frequency  estimation,  and  string  recall.  There  were 
three  Phase  1,  acquisition  conditions;  tha  second  and  third  phases  of 
the  experiment  were  identical  for  all  the  subjects.  The  96  subjects 
assigned  to  the  Lexical  Decision  condition  during  Phase  1  were 
required  to  determine  whether  each  string  was  a  word  or  a  nonword. 

The  96  subjects  assigned  to  the  Letter  Detection  condition  during 
Phase  1  were  required  to  determine  whether  or  not  the  letters  "0" 
and/or  “I”  were  present  in  each  string.  The  96  subjects  assigned  to 
the  Intentional  condition  during  Phase  1  were  told  to  try  and  remember 
how  often  each  letter  appeared  in  the  list.  Subjects  in  the  Lexical 
Decision  and  Letter  Detection  conditions  were  given  no  indication  that 
there  would  subsequently  be  any  sort  of  memory  test. 

Post-experimental  interviews  confirmed  that  the  memory  tests  of  Phases 
2  and  3  were  unexpected. 

All  26  alphabet  letters  were  presented  during  the  Phase  2 
frequency  estimation  test.  Subjects  received  one  of  four  different 
random  orders  of  the  letters.  All  the  subjects  then  participated  in 
the  free  recall  test  of  Phase  3. 

Procedure.  The  stimuli  were  displayed  on  an  Electrohome  black 
and  white  monitor  that  was  controlled  by  a  Data  General  Eclipse 
computer.  Each  string  was  presented  inside  a  small  rectangular  box 
that  always  remained  on  the  screen.  The  box  intercepted  a  visual 
angle  of  0.7  deg  vertically  and  2.8  deg  horisontally.  The  exposure 
duration  for  each  string  was  one  sec.  The  interstimulus  interval  was 
also  one  sec,  except  for  the  occasional  trials  on  which  subjects 
required  more  than  one  sec  to  respond.  Then,  a  one  seo  delay  was 
introduced  between  the  subject’s  response  and  the  presentation  of  the 
next  stimulus.  Subjects  were  Instructed  to  press  either  the  button 
marked  "yes’*  (for  strings  that  were  words  in  the  Lexical  Decision 
condition;  for  strings  containing  a  "0”  and/or  "I”  in  the  Letter 
Detection  condition)  or  the  button  marked  "no"  (for  strings  that  were 
nonwords  in  the  Lexical  Decision  condition;  for  strings  not  containing 
a  "0“  and/or  ”1“  in  the  Letter  Detection  condition).  In  the  Lexical 
Decision  condition,  half  the  strings  in  both  stimulus  lists  required 
"yes'*  responses.  In  the  Letter  Detection  condition,  52%  of  the 
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strings  in  tour  of  the  stimulus  Hats  and  48%  of  the  strings  in  the 
other  four  stimulus  lists  required  "yes"  responses.  Half  the  subjects 
pressed  the  “yes'*  button  with  a  finger  of  their  preferred  hand;  the 
other  half  pressed  the  “no"  button  with  a  finger  of  their  preferred 
hand.  Subjects  in  these  conditions  were  instructed  to  respond  as 
quickly  as  possible,  but  to  keep  their  errors  to  a  minimum  (incorrect 
responses  were  signalled  by  a  brief  flash  of  the  rectangular  box  on 
the  screen).  There  was  no  overt  response  required  of  subjects  in  the 
Intentional  condition. 

During  Phase  2,  subjects  were  asked  to  estimate  how  often  each 
letter  in  the  alphabet  appeared  in  the  preceding  list.  Subjects 
presented  with  one  of  the  four  “long"  stimulus  lists  during  Phase  1 
were  instructed  to  choose  a  number  between  1  and  130  (the  most 
frequent  letter,  “A”,  appeared  128  times).  Subjects  presented  with 
one  of  the  four  "short"  stimulus  list  during  Phase  1  were  Instructed 
to  choose  a  number  between  1  and  90  (the  most  frequent  letter,  “A", 
appeared  88  times  in  this  list).  The  to-be- judged  letters  appeared 
one  at  a  time  on  the  Electrohome  monitor.  Presented  alongside  the 
test  letter  was  a  number  representing  the  midpoint  of  the  frequency 
range  (65  for  the  "long"  lists,  44  for  the  "short"  lists).  Subjects 
were  required  to  adjust  this  number  upward  or  downward,  using  the  same 
buttons  as  in  the  Lexical  and  Letter  Detection  tasks,  in  order  to 
estimate  the  frequency  of  occurrence  for  the  letter.  For  subjects 
presented  strings  with  only  upper-case  letters  during  Phase  1,  the 
upper-case  version  of  each  letter  was  presented  for  estimation  during 
Phase  2.  For  subjects  presented  strings  with  alternating  upper-case 
and  lower-case  letters  during  Phase  1,  upper-case  and  lower-case 
versions  of  each  letter  were  presented  alongside  each  other  for 
estimation  during  Phase  2.  There  was  no  limit  on  the  time  subjects 
could  take  for  each  estimate. 

During  Phase  3,  subjects  were  provided  a  blank  sheet  of  paper  and 
given  10  min  to  recall  as  many  strings  as  possible  from  the  stimulus 
list  presented  during  the  first  phase  of  the  experiment. 

Results 

The  results  of  the  experiment  are  summarised  in  Table  1.  Since 
there  were  no  differences  among  the  lists  with  orthorgaFMc  and 
nonorthographic  nonwords,  the  data  reported  in  Table  1  combine  the 
results  of  those  two  conditions.  As  can  be  seen  in  the  table, 
estimation  accuracy  was  similar  in  the  Intentional  and  Lexical 
Decision  conditions,  and  both  were  better  than  estimation  accuracy 
obtained  in  the  Letter  Detection  condition.  The  most  interesting 
results  were  obtained  after  we  "partialled  out"  the  frequency  with 
which  the  target  letters  whose  frequency  was  being  estimated  appeared 
in  subjects*  correct-recall  protocols.  These  partial  correlation 
coefficients  measured  the  extent  to  which  actual  letter  frequency  was 
Judged  on  the  basis  of  letter-level  memory  units,  Independent  of  the 
contribution  of  global-level  memory  units  to  frequency  estimation.  He 
found  that  partialling-out  recall-frequency  reduced  the  slse  of  the 
correlations  in  all  conditions.  This  indicated  that  global-level 
memory  units  contributed  to  the  judgment  of  the  frequency  of 
occurrence  for  the  letters  in  the  words  and  nonwords.  However,  the 
most  substantial  effects  of  the  partial-correlation  procedure  were 
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obtained  for  the  alternating- c as a  words  in  tha  Lexical  Decision 
condition.  Correlations  in  this  condition  were  reduced  to  the  point 
where  they  were  lower  than  the  correlations  obtained  in  the  Letter 
Search  condition,  the  reverse  of  what  was  obtained  prior  to 
partialling-out  the  contribution  of  global-level  memory  units  to 
subjects'  frequency  judgments.  This  reversal  provided  evidence  for 
suppression  of  latter-level  coding  in  the  Lexical  Decision  condition. 

We  concluded,  therefore,  that  case-alternation  reduced  the 
likelihood  of  lexical  activation  being  based  on  direct  visual  access, 
increasing  the  contribution  of  global-level  codes  (probably 
phonological)  to  the  estimation  of  frequency  accuracy,  but  suppressing 
the  formation  of  letter-level  memory  codes.  As  expected  of  an  effect 
that  was  based  on  lexical  activation,  the  suppression  of  element-level 
coding  was  moat  evident  for  words  (not  nonwords)  in  a  task  (Lexical 
Decision)  requiring  lexical  activation. 

Table  1 


Pearson  product-moment  correlations  between  actual  and  estimated 

letter  frequency. 


Actual  with 

Mean-Estimated 

Frequency 


Mean  of  Actual 
with  Estimated 
Frequency  for 
Individual 
Subjects 


Mean  of  Actual 
with  Estimated 
Frequency  with 
Recall -Frequency 
Part i al led-Out 


Phase  1 


Orienting 

Task 

Words 

Non- 

words 

Words 

Non¬ 

words 

Words 

Non¬ 

words 

Intentional 

Same-Case 

Alternating-case 

0.82 

0.73 

0.79 

0.64 

0.51 

0.47 

0.56 

0.37 

0.42 

0.35 

0.55 

0.32 

Mean 

0.77 

0.72 

0.49 

0.47 

0.39 

0.44 

Lexical  Decision 

Same-Case 

Alternating-Case 

0.75 

0.77 

0.79 

0.62 

0.49 

0.45 

0.48 

0.41 

0.32 

0.17 

0.39 

0.34 

Mean 

0.78 

0.71 

0.47 

0.45 

0.25 

0.37 

Letter  Search 
Same-Case 

Alternating-Case 

0.61 

0.68 

0.34 

0.36 

0.41 

0.39 

0.34 

0.31 

0.32 

0.36 

0.19 

0.27 

0.65  0.35  0.40  0.33  0.34  0.23 


Mean 


I 
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SECTION  25 

The  Encoding  of  Spatial  Relations 
Karen  Rose  and  Lynn  Hasher 

Our  research  effort  has  been  aimed  at  the  question  of  whether  some 
aspects  of  spatial  information,  such  as  spatial  relations  (e.g.,  above/ 
below,  along  side  of)  are  encoded  Into  memory.  Our  general  strategy  has 
been  to  compare  memory  for  relational  information  across  a  variety  of 
tasks  such  as,  frequency  judgment,  recognition,  and  priming  tasks. 
Throughout  our  work,  we  found  evidence  of  good  memory  for  the  relations 
that  objects  occupied  with  respect  to  one  another.  Further,  the  ability 
to  encode  spatial  relations  Is  not  Influenced  by  task  variables  such  as 
exposure  duration,  and  cover  task.  Overall,  these  findings  are  Important 
for  at  least  four  reasons:  (1)  they  are  the  first  to  systematically 
demonstrate  that  this  aspect  of  spatial  information  is  stored  In  memory; 
(2)  they  lead  to  the  suggestion  that  spatial  relations  play  a  role  In  the 
encoding  of  locational  Information;  (3)  they  show  that  relational 
Information  Is  stored  In  memory  under  Incidental  (or  unintentional) 
conditions;  (4)  they  support  other  work  In  our  lab  In  suggesting  a  view 
of  space  that  Is  different  from  the  Cartesian  view  of  absolute  space. 

Here  follows  a  brief  description  of  the  research  which  led  to  our 
conclusions. 


Frequency 


»nts  and  Spatial  Relations 


1.  The  frequency  judgment  task  was  based  upon  the  Insight  that 
peoples'  enormous  sensitivity  to  frequency  of  occurrence  Information 
could  be  used  to  determine  whether  or  not  a  particular  unit  or  element  In 
the  physical  world  is  encoded  into  memory. 


In  our  first  study,  we  devised  a  set  of  9  context  or  background 
scenes,  each  containing  a  relatively  large  item  (e.g.,  a  tv,  a  crib,  a 
picnic  table).  Subjects  saw  a  series  of  these  9  background  scenes  in 
each  of  which  was  placed  a  single,  unique  object.  The  object  could  occur 
In  one  of  several  relationships  to  the  context  Item  (Including  e.g., 
above,  below,  along  side,  Infront,  behind.  Inside).  Across  arrays,  the 
frequency  with  which  a  relationship  occurred  varied  (1,  2,  and  4).  So 
for  example,  a  subject  may  have  seen  one  Item  above  the  tv,  two  Items 
above  the  crib,  and  four  above  the  car.  Across  the  slide  series,  the 
total  number  of  occurrences  of  each  contest  was  identical;  what  varied 
was  the  number  of  times  a  relationship  occurred.  Frequency,  relationship 
and  scene  were  all  counterbalanced  across  subjects. 


Subjects  were  given  one  of  three  sets  of  Instructions;  relation, 
object  or  incidental.  Those  given  relation  Instructions  were  told  that 
we  were  interested  In  peoples'  memory  for  spatial  relationships  In 
scenes.  They  were  then  given  several  examples  of  the  spatial 
relationships  we  were  talking  about  (the  particular  examples  that  were 
used  were  matched  to  those  relationships  a  subject  would  see).  Those  in 
the  object  condition  were  told  that  we  were  interested  In  peoples'  memory 
for  objects  In  scenes.  And  those  in  the  Incidental  condition  were  told 


that  they  were  going  to  participate  in  a  rating  task.  Notice  that  the 
nature  of  the  test  was  never  mentioned.  Immediately  after  presentation, 
a  forced-choice  frequency  discrimination  test  was  given;  subjects  were 
shown  a  series  of  pairs  of  scenes  and  were  asked  to  tell  in  which  of  the 
two  a  particular  relation  (e.g.  above)  had  been  more  frequently 
depleted. 


The  ability  to  discriminate  the  frequency  of  relationships  was 
reliably  above  chance  for  all  of  the  relationships  considered  (see  Table 
1).  In  only  one  case  ws  there  an  effect  of  instruction.  For  the 
relationship  behind,  subjects  in  the  Incidental  condition  were  reliably 
better  in  judging  frequency  fo  occurrence,  than  subjects  in  the  relation 
condition.  Performance  for  the  object  Instructed  group  equaled  both  the 
relation  and  incidental  conditions.  This  evidence  suggests  that 
relational  Information  is  encoded  as  an  incidental  byproduct  of  studying 
(at  least  simple)  arrays. 

2.  The  first  experiment  placed  a  large  manber  of  unique  Items 
against  a  small  msnber  of  backgrounds.  In  our  second  attempt  to  assess 
subjects'  knowledge  of  relations,  a  small  number  of  paired  objects  was 
used.  Each  pair  occurred  in  four  relations,  above/below,  side  by  side, 
and  diagonal  to  (there  were  equal  numbers  of  objects  placed  diagonally 
right  and  diagonally  left).  Further,  each  pair  occurred  In  each 
relationship  1,  3  or  6  times.  So  for  example,  a  subject  might  see  a 
picture  pair  (e.g.,  a  bus  and  a  church),  one  time  In  an  above/below 
relationship,  3  times  In  a  side  by  side  relationship,  and  6  times  In  a 
diagonal  relationship.  Frequency,  relationship  and  pair  were  all 
counterbalanced  across  subjects. 

We  also  varied  instructions.  One  group  was  told  to  note  the 
relationship  depicted  in  each  pair,  but  was  told  nothing  about  the  nature 
of  an  upcoming  test.  A  second  group  was  told  to  note  the  relationship 
and  was  also  given  full  test  information.  A  third  group  was  told  only 
that  they  would  be  asked  questions  about  what  they  had  seen.  After 
presentation,  all  three  groups  of  subjects  were  asked  to  estimate  how 
often  each  pair  occurred  In  each  relationship  (e.g.,  how  often  did  bus- 
church  occur  In  an  above/below,  side  by  side  or  diagonal  relationship). 
Consistent  with  our  prior  work,  subjects  were  able  to  discriminate 
differences  In  the  frequency  with  which  objects  appeared  in  each 
relationship.  The  mean  judged  frequency  for  all  three  relationships 
Increased  with  actual  frequency  (see  Table  2). 

B.  Recognition  and  Spatial  Relations 

A  sane/different  recognition  task  was  also  used  to  assess  memory  for 
relational  Information.  Here,  subjects  saw  simple  arrays  of  two  small 
boxes  on  a  CRT.  We  explored  two  Issues:  (1)  sensitivity  to  three 
different  aspects  of  spatial  information,  in  particular  to  exact 
(Cartesian)  location  on  the  screen,  to  the  distance  between  the  boxes, 
and  to  spatial  relations  between  the  boxes;  and  (2)  the  effects  of 
exposure  duration  (125,250,  500,  1000,  or  2000  msec)  on  performance. 
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In  the  experiment,  subjects  saw  an  array  composed  of  two  snail 
squares  set  In  one  of  four  relationships;  above  below  (  l  );  along  side 
of  (••);  diagonal  to  the  left  (*•)  and  diagonal  to  the  right  (.*).  In 
addition,  each  pair  could  be  seen  at  one  of  two  distances  apart,  1  Inch 
and  2  1/4  Inches,  labeled  near  and  far  for  convenience. 

Subjects  received  a  series  of  presentation/test  trials  each  of  which 
occurred  In  the  following  sequence.  First  a  target  pair  was  presented, 
followed  by  a  pattern  mask,  followed  Immediately  by  either  a  foil  or  the 
original  stimulus.  Subjects  were  required  to  Indicate  whether  the  test 
Item  was  the  same  or  different  for  the  target  Item. 

To  assess  spatial  knowledge,  subjects  were  given  a  same/different 
recognition  test  for  each  array  Immediately  after  It  went  off  the  screen. 
Across  the  entire  testing  series,  nine  test  pairs,  eight  foils  and  the 
target,  were  constructed  for  each  of  the  target  Items.  The  foils  were 
selected  to  depict  one  of  three  categories  of  change  In  spatial 
information:  1)  location  changes;  2)  proximity  changes;  3)  relation 
changes  and;  4)  the  original  Item  Itself.  Foils  that  tested  for 
sensitivity  to  location  maintained  the  distance  between  squares  as  well 
as  the  original  relationship  but  the  array  shifted  along  the  x  axis 
(right  or  left)  or  along  the  y  axis  (up  or  down).  Foils  that  tested  for 
sensitivity  to  proximity  changes  maintained  the  original  relationship  but 
varied  the  distance  between  boxes  by  moving  them  farther  apart 
(expansion)  or  closer  together  (contraction).  Foils  that  tested  for 
sensitivity  to  relation  maintained  the  distance  between  boxes  but  changed 
their  relationship  to  each  other  to  one  of  the  other  three  experimental 
relations.  Note  that  In  changing  a  relation,  the  exact  location  of  both 
boxes  changed,  as  they  did  for  proximity  and  location  changes. 

The  pattern  of  recognition  performance  was  Identical  at  all  exposure 
durations.  For  all  target  types,  changes  In  relationship  were  detected 
well  above  chance  and  better  than  either  changes  In  exact  location  or 
changes  in  proximity  (see  Table  3).  Further,  proximity  changes  showed  an 
unusual  pattern  depending  on  whether  the  target  items  had  initially  been 
relatively  close  together  or  far  apart;  subjects  were  enormously 
sensitive  to  contraction  movements  for  near  pairs  and  they  were  more 
sensitive  to  expansion  movements  for  far  pairs.  In  subsequent  work,  we 
found  that  the  pattern  of  performance  does  not  change  if  the  time  between 
target  and  test  Item  Is  lengthened  (simply  by  extending  exposure  of  the 
pattern  mask).  Nor  does  it  change  if  a  fixation  point  is  provided  at  the 
outset  of  each  trial. 


3.  Priming  and  Spatial  Relations 

In  our  final  experiment,  subjects  studied  a  series  of  two-object 
scenes  that  were  arranged  In  one  of  our  relationships  (above/below,  side 
by  side,  diagonal  to  and  front/behind)  (see  Appendix  1).  They  were 
instructed  to  study  each  object  pair  carefully,  because  after 
presentation,  memory  for  object  Information  would  be  tested.  After 
presentation  of  the  study  sequence,  subjects  were  given  a  recognition 
test  which  was  made  up  of  the  original  scenes  (whole  scenes),  part  of  the 
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original  scene  (one  subject),  parts  of  new  scenes  (one  object),  or  new 
scenes  comprised  of  two  new  objects  (whole  scenes).  The  subject's  task 
was  to  decide  whether  the  object  or  objects  had  appeared  In  the  study 
list.  Response  and  latency  to  respond  were  recorded. 

Two  aspects  of  the  test  procedure  varied.  The  first  was  whether  the 
target  was  in  the  same  or  a  different  relationship  as  that  shown  at 
study.  Targets  appeared  In  the  same  relationship  as  that  shown  at 
presentation,  or  In  one  of  the  three  other  experimental  relationships. 
Note  however,  the  exact  location  of  all  target  items  changed  at  test  by 
shifting  the  pair  to  the  right  or  left.  In  this  way,  we  hoped  to  look  at 
relational  Information,  Independent  of  exact  location.  The  second  aspect 
that  varied  at  test  was  whether  the  target  item  was  primed  or  mlspMmed. 
When  the  target  was  to  be  primed,  a  part  of  the  scene  (one  subject) 
directly  preceded  the  target.  When  the  target  was  misprinted,  an  Item 
that  was  presented  during  presentation,  but  was  part  of  some  other  filler 
scene  preceded  the  target.  Along  with  never-presented  Items,  in  which 
part  of  an  actually  presented  scene  was  followed  by  a  pair  which  had 
never  been  presented,  there  was  a  total  of  five  trial  types:  prlmed- 
same  relationship;  prlmed-different  relationship;  misprimed-same 
relationship;  mlsprlmed-different  relationship;  and  negative  control 
Items. 

For  three  of  the  four  presentation  relations,  above/below,  side  by 
side,  diagonal  to,  relationship  at  test  was  a  significant  factor.  In  all 
cases,  reaction  time  was  faster  when  the  relationship  was  maintained  for 
presentation  and  test,  In  comparison  to  when  It  changed.  The 
relationship  at  test  factor  was  not  significant  for  front/behind  however. 
In  addition,  for  all  four  Input  relations,  there  was  a  main  effect  of 
trial  type.  In  all  cases  the  pattern  was  the  same;  reaction  time  was 
faste  ron  those  trials  In  which  a  part  of  the  scene  directly  preceded  the 
target,  than  on  those  In  which  an  unrelated  scene  preceded  the  target. 

In  sun  then,  time  to  decide  whether  a  target  item  had  appeared  Int  he 
study  list  depended  on  whether  the  spatial  relationship  ahd  been 
maintained  from  presentation  to  test  (even  though  subject  shad  only  to 
remember  the  object  sin  order  to  do  the  task),  and  on  trfjat  item  had 
preceded  the  target. 

Taken  together,  the  results  of  our  studies  suggest  that  relational 
Information  may  well  be  an  important  aspect  of  what  Is  encoded  about 
objects  In  an  array. 
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Table  1 

Proportion  Correct  on  Forced  Choice  Test  of  Knowledge 
of  Frequency  as  a  function  of  Instructional  Condition 


Relationship  at 

Test 

Object 

Relation 

Incidental 

Above 

.62 

.59 

.65 

Below 

.64 

.64 

.69 

Side  by  Side 

CM 

40 

• 

.65 

.63 

Infront* 

.67 

.61 

.66 

Behind* 

.62 

.60 

.71* 

Inside 

.70 

.70 

.71 

*  The  relationships  Infront  and  behind  are  collapsed  across  variations 

of  each.  That  Is,  one  object  could  be  placed  straight  Infront  of 
another.  Infront  but  diagonally  left  of  another,  or  Infront  but 
diagonally  right  of  another.  Similarly,  one  object  could  be  placed 
straight  behind  another,  behind  but  diagonally  left  of  another,  or 
behind  but  diagonally  left  of  another.  The  significant  effect  of 
Instructions  Mas  actually  produced  for  behind  diagonally  right. 

*  £  <  .05 


1 


Actual  Frequency 
3 


Relationship 
Side  by  Side 
Above/Below 
01 agonal  To 


2.76 

3.07 


2.69 


3.58 

3.76 

3.26 
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Table  3 

Percent  Error  as  a  Function  of  Relationship.  Foil  Type,  and 
initial  Location  (Near  or  Far)  Collapsed  Across  Present at (on  Rate 


Location 

Proximity 

Relationships 

Relationship* 

up/down 

left/right 

exp# 

cont# 

SS  AB  OL  DR 

Near 

SS 

.26 

.42 

.19 

.11 

-  .07  .13  .07 

AB 

.32 

.40 

.30 

.11 

.09  —  .07  .07 

OL 

.33 

.36 

.26 

.11 

.05  .06  -  .09 

DR 

.32 

.35 

.23 

.06 

.07  .05  .13  - 

MEAN 

.31 

.38 

.25 

.10 

.07  .06  .11  .08 

Far 

SS 

.25 

.29 

.25 

.48 

-  .03  .01  .04 

AB 

.24 

.24 

.19 

.41 

.06  --  .03  .04 

DL 

.24 

.32 

.14 

.28 

.01  .04  -  .07 

DR 

.31 

.41 

.26 

.21 

.05  .04  .05  — 

MEAN 

.26 

.32 

.21 

.34 

.04  .04  .03  .05 

*  SS  ■  side  by  side 
AB  »  above  below 
DL  •  diagonal  left 
DR  ■  diagonal  right 

#  exp  a  expansion 
cont  *  contraction 
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Table  4 

Mean  Latency  to  Respond  and  Proportion  of  Errors  (in  parentheses) 
as  a  Function  of  Relationship  at  Presentation,  Relationship  at 
Test,  and  TrTeTType -  - - 


Relationship  at 

SR* 

DR 

Presentation 

Primed  Trials 

ABOVE/BELOW 

1274.49 

1300.04 

(.10) 

(.11) 

SIDE  BY  SIDE 

1289.81 

1333.39 

(.02) 

(.07) 

DIAGONAL  TO 

1278.57 

1313.78 

(.09) 

(.08) 

FRONT/BEHIND 

1268.88 

1293.18 

(.13) 

Misprinted  Trials 

(.08) 

ABOVE/BELOW 

1347.00 

1394.66 

(.05) 

(.13) 

SIDE  BY  SIDE 

1371.57 

1450.50 

(.07) 

. 

(.13) 

DIAGONAL  TO 

1345.45 

1402.48 

(.06) 

(.06) 

FRONT/BEHIND 

1361.29 

1366.71 

(.10) 

Negative  Trials 

(.06) 

ABOVE/BELOW 

1716.00 

(.06) 

DIAGONAL  TO 

1774.71 

(.08) 

FRONT/BEHIND 

1811.31 

(.06) 

*  SR  •  SAME  RELATIONSHIP 
OR  •  DIFFERENT  RELATIONSHIP 

Note:  Proportion  of  errors  reflect  Incorrect  responses  only.  This 

Includes  responding  "no"  In  the  case  of  a  primed  or  misprinted 
trial  and  "yes"  In  the  case  of  a  negative  trials. 


Appendix 


Staple  Stimulus  Materials.  From  left  to  right: 
Presentation  Pair  (Column  1);  Primes  (Coluans  2  and  3); 
and  Test  Pair  (Column  4).  Note:  exact  location 
changed  in  all  oases. 

Presentation  Pair:  ABOVE/BELOW 


Presentation  hair:  DIAGONAL  TO 


98 


Presentation  Pair:  FBONT/BEHIND 
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SECTION  2H 

The  Effect  of  Pattern  Structure  on  Frequency  Judgments 
Howard  S.  Hock,  Alexandra  Bates,  and  Linda  Field 

Patterns  with  simple,  symmetrical  structures  are  easier  to 
identify  (Clement,  1964)  and  reproduce  (Bell  A  Handel,  1976)  than 
patterns  with  more  complex,  asymmetrical  stuctures.  In  this 
experiment  we  examined  whether  similar  differences  would  be  observed 
when  subjects  judged  the  frequency  of  occurrence  of  simple  and  complex 
patterns,  and  the  extent  to  which  the  effect  would  depend  on  subjects' 
orienting  task  and  the  location  of  the  patterns  within  a  surrounding 
frame. 


Method 

Sixteen  different  patterns,  each  composed  of  five  circles  (within 
an  imaginary  3x3  matrix),  were  presented  within  a  4x4  frame  with  16 
possible  locations  for  the  circles.  These  were  the  same  patterns  used 
in  the  Hock,  Smith,  Escoffery,  and  Bates  (Section  2C)  study. 

Half  the  patterns  were  relatively  simple,  the  simplicity  resulting 
from  the  symmetry  of  the  patterns  [in  terms  of  Garner  A  Clement’s 
(1964)  analysis,  these  patterns  belonged  to  an  equivalence  class  of 
sise  4] .  Half  the  patterns  were  relatively  complex;  they  lacked 
symmetry  [in  terms  of  Garner  A  Clement's  (1964)  analysis,  these 
patterns  belonged  to  an  equivalence  class  of  sise  8] . 

For  each  subject,  eight  patterns  (4  simple;  4  complex)  were 
presented  four  times,  and  eight  patterns  (4  simple;  4  complex)  were 
presented  eight  times.  Each  subject  therefore  saw  a  random  sequence 
of  96  patterns.  Eight  of  the  patterns  (half  simple,  half  complex; 
half  presented  eight  times,  half  presented  four  times)  were  always 
presented  in  one  of  the  four  quadrants  of  the  4x4  frame;  eight  of  the 
patterns  (half  simple,  half  complex;  half  presented  eight  times,  half 
presented  four  times)  were  equally  distributed  among  the  four 
quadrants  of  the  frame. 

Subjects  participated  in  one  of  two  tasks  during  the  initial 
presentation  of  the  patterns.  One  group  searched  for  the  presence  of 
a  dot  within  one  of  the  circles,  the  other  was  told  to  try  to  remember 
the  patterns.  This  was  followed  by  a  frequency  estimation  test  during 
which  patterns  were  presented  without  the  surrounding  frame. 

Results 

As  can  be  seen  in  Table  1,  subjects  did  a  better  job  of 
discriminating  between  the  low  and  high  frequency  patterns  in  the 
Pattern  Memory  compared  with  the  Dot  Detection  condition.  Whether  or 
not  the  patterns  appeared  in  the  same  or  different  quadrants  did  not 
affect  frequency  estimation.  Although  subjects  discriminated  between 
high  and  low  frequency  "simple"  patterns  to  a  greater  extent  than  they 
discriminated  between  high  and  low  frequency  "complex"  patterns,  the 
interaction  between  frequency  level  and  complexity  fell  short  of 
statistical  significance  at  the  .OS  level. 


101 


Table  1 

Mean  estimates  for  frequency  of  occurrence  of  patterns 
varying  in  complexity. 

SIMPLE  PATTERNS  COMPLEX  PATTERNS 


Same  Different  Same  Different 

Quadrant  Quadrant  Quadrant  Quadrant 


Low 

High 

Low 

High 

Low 

High 

Low 

High 

Freq 

Freq 

Freq 

Freq 

Freq 

Freq 

Freq 

Freq 

(4) 

(8) 

(4) 

(8) 

(4) 

(8) 

(4) 

(8) 

PATTERN 

MEMORY 

5.0 

6.8 

5.0 

6.2 

5.0 

5.7 

4.4 

5.4 

DOT 

DETECTION 

4.2 

4.7 

4.5 

5.0 

5.3 

5.5 

5.5 

5.9 

References 

Bell,  H.H.,  &  Handel,  S.  (1976).  The  role  of  pattern  goodness  in  the 

reproduction  of  backward  masked  patterns.  Journal  9 f  ment.al 

Psychology:  Human  gftXCflBlifiP  Performance.  2,  139-150. 

Clement,  D.E.  (1964).  Uncertainty  and  latency  of  verbal  naming 

responses  as  correlates  of  pattern  goodness.  Journal  of  Verbal 
ng  and  Verbal  Behavior.  3,  150*157. 

Garner,  W.R.  &  Clement,  D.E.  (1964).  Goodness  of  pattern  and  pattern 
uncertainty .  Journal  of  Varbax  Learning  and  Verbal  Behavior. 

2,  446-452. 

Hock,  H.S.,  Smith,  L.,  Escoffery,  L. ,  and  Bates,  A.  (1985).  Pattern 
perception:  Coding  the  position  of  component  elements.  Paper 
read  at  the  26th  annual  meeting  of  the  Psychonomic  Society, 
Boston. 


I  I 


102 


SECTION  3A 

A  Word  Superiority  Effect  With  Non-orthographic  Acronyms: 

Testing  for  Unitized  Visual  Codes 

Helga  Noice  and  Howard  S.  Hock 
Abstract 

Letters  in  briefly  presented,  masked  letter-strings  were  detected  more 
accurately  when  the  strings  were  three-consonant  acronyns  than  when  they 
were  nonwords.  In  the  absence  of  orthographic  regularity,  this  word 
superiority  effect  (WSE)  could  not  have  depended  on  visual  units 
corresponding  to  familiar  bigrams.  However,  evidence  that  the  WSE  was 
obtained  only  for  letters  in  the  third  position  indicated  that  it  did  not 
depend  on  the  formation  of  whole-word  visual  units.  It  was  argued 
instead  that  the  WSE  for  acronyms  depended  on  the  post-lexical  activation 
of  sequential,  associatively  connected,  single-letter  phonological  codes. 
Finally,  the  results  of  case-alternation,  size-alternation,  and  mixed 
type-font  experiments  were  interpreted  in  conjunction  with  the  view  that 
lexical  access  is  based  on  both  lower-case  and  upper-case  letter 
recognition  units  for  words,  and  only  upper-case  letter  recognition  units 
for  acronyns. 
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In  Reicher's  (1969)  tachistoscopic  recognition  paradigm,  the  brief 
presentation  of  a  test  string  (e.g.,  WORK)  is  preceded  and  followed  by 
masking  characters  that  interfere  with  the  processing  of  the  string. 
Subjects  are  then  provided  with  two  response  alternatives  (e.g.,  WORK- 
WORD).  Their  choice  between  the  alternatives,  which  in  the  above  example 
would  indicate  whether  they  detected  the  presence  of  a  "K"  in  the  last 
letter  of  “WORK,"  is  better  for  strings  which  are  words  than  strings 
which  are  nonwords.  This  result,  which  has  been  termed  the  word 
superiority  effect  (WSE),  Indicates  that  tachistoscopic  letter-detection 
is  facilitated  by  the  activation  of  lexical  entries  for  the  test  word. 

Carr  and  Pollatsek  (1985)  have  recently  proposed  that  the  WSE 
results  ‘rom  the  formation  of  nonvisual,  whole-word  unitizing  codes  that 
"protect"  the  information  in  the  briefly  presented  word  from  the  effects 
of  masking  and  memory  loss.  Evidence  consistent  with  this  hypothesis  has 
been  reported  by  Hawkins,  Reicher,  Rogers,  and  Peterson  (1976),  who 
showed  that  letter-detection  was  significantly  better  than  chance  for 
standard  response  alternatives  (e.g.,  WORD-WORK),  but  was  at  chance  level 
for  phonologically  Identical  response  alternatives  (e.g.,  S1TE-C1TE). 
Another  possibility  is  that  the  WSE  could  result  from  the  formation  of 
unitized,  whole-word  codes  that  are  visual  rather  than  phonological. 
Experiments  in  which  consecutive  letters  in  a  test  string  are  presented 
in  different  cases  (e.g.,  wOrK)  are  consistent  with  the  hypothesis  that 
higher-order  visual  codes  could  mediate  the  WSE.  Pollatsek,  Well,  and 
Schindler  (1975)  found  that  case-alternation  increased  the  time  required 
for  subjects  to  detect  letter  differences  between  pairs  of  words,  but 
not  between  pairs  of  orthographical ly  irregular  nonwords.  Although 
these  results  showed  that  case-alternation  can  affect  lexical  activation 
by  rendering  words  visually  unfamiliar,  McClelland  (1976)  found  that  the 
advantage  of  words  compared  to  orthographical ly  regular  pseudowords  was 
not  affected  by  case-alternation.  This  indicated  that  if  visual 
unitization  was  responsible  for  the  WSE,  the  units  were  smaller  than  the 
whole  word.  It  is  possible,  however,  that  whole-word  visual  unitization 
was  not  observed  in  McClelland's  study  because  lexical  activation  based 
on  whole-word  visual  codes  was  less  efficient  than  lexical  activation 
based  on  phonological  codes  (formed  by  the  application  of  spell ing-to- 
sound  translation  rules  to  the  orthographical ly  regular  words). 

The  purpose  of  the  experiment  reported  in  this  paper  was  to 
determine  whether  a  WSE  could  be  obtained  for  the  rapid,  masked 
presentation  of  three-consonant  acronyms  (e.g.,  NSC).  The  use  of  these 
acronyms  provided  a  strong  test  of  the  "visual  unitization  hypothesis” 
for  two  reasons.  First,  their  shortness  and  the  consistency  with  which 
they  have  been  experienced  in  purely  upper-case  format  increased  the 
likelihood  of  the  acronyms  being  recognized  (i.e.,  their  lexical  entries 
activated)  on  the  basis  of  whole-word  visual  units.  Second,  the  absence 
of  vowels  made  It  Impossible  for  lexical  activation  to  depend  on 
whole-unit  phonological  codes  formed  via  spell Ing-to-sound  translation 
rules.  If  evidence  for  the  existence  of  whole-word  visual  codes  cannot 
be  obtained  for  these  stimuli.  It  is  unlikely  that  such  evidence  would  be 
obtainable  for  orthographical ly  regular  words.  The  latter  are  usually 
longer  than  acronyms,  the  likelihood  of  recognizing  them  on  the  basis  of 
whole-unit  visual  codes  Is  decreased  because  they  are  experienced  in 
different  case  formats  (sometimes  all  upper-case,  sometimes  all 
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lower-case,  sometimes  with  the  first  letter  upper-case  and  the  remaining 
letters  lower-case),  and  they  lend  themselves  to  the  formation  of 
unitized  phonological  codes  via  spell Ing-to-sound  translation  rules.  If 
lexical  access  depends  on  the  relative  efficiency  of  parallel 
phonological  and  visual  processes  (see  Carr  &  Pollatsek,  1985,  for  a 
review  of  parallel  coding  systems  models),  there  may  be  too  many  factors 
favoring  the  phonological  channel  for  orthographically  regular  words. 

Previous  experiments  have  provided  evidence  for  a  WSE  with  acronyms 
(Egeth  &  Blecker,  1971;  Henderson,  1974),  but  the  effect  has  been 
unreliable  (Carr,  Posner,  Pollatsek,  &  Snyder,  1979),  subject  to  response 
bias  (Henderson  &  Chard,  1976;  Seymour  &  Jack,  1978),  and  dependent  on 
whether  the  acronyms  are  presented  to  the  left  of  right  visual  field 
(Besner,  Davelaar.  Alcott,  &  Parry,  1984).  None  of  these  experiments 
used  the  Relcher  (1969)  paradigm,  and  most  of  their  items  were  at  least 
partially  orthographically  regular  (e.g.,  US  in  USA).  We  eliminated 
vowel-based  orthographic  combinations  In  our  experiment  In  order  to 
reduce  the  likelihood  of  partial  spell Ing-to-sound  translations,  and 
because  the  presence  of  visually  familiar  bigrams  might  reduce  the 
likelihood  of  subjects  activating  lexical  entries  for  the  acronyms  on  the 
basis  of  whole-word  visual  units.  The  Inconsistency  of  the  WSE  for 
previous  studies  using  acronyms  might  have  been  due  to  subjects  forming 
intermediate-level  visual  codes  corresponding  to  orthographically 
familiar  letter  combinations  within  the  acronyms  (Glushko,  1979).  The 
WSE  would  not  be  reliably  obtained  if  lexical  entries  for  the  acronyms 
cannot  be  activated  through  these  intermediate-level  codes. 

If  we  found  superior  letter-detection  performance  for  the  acronyms 
compared  with  three-consonant  control  strings,  it  would  indicate  that  the 
WSE  can  be  obtained  in  the  absence  of  any  orthographic  regularity. 

Further  evidence  that  the  size  of  the  WSE  could  be  reduced  by  rendering 
the  acronyms  visually  unfamiliar  (via  case-alternation)  would  be 
consistent  with  the  hypothesis  that  the  WSE  for  acronyms  depends  on 
lexical  activation  via  whole-word  visual  codes.  However,  the  critical 
test  for  the  whole-word,  visual  unitization  hypothesis  would  be  to  obtain 
the  WSE,  and  the  effects  of  case-alternation  on  the  WSE,  regardless  of 
whether  letter-detection  is  tested  in  the  first  or  third  position  of  the 
acronyms. 


Method 


Subjects 

The  subjects  were  36  Florida  Atlantic  University  psychology  students 
who  participated  in  the  experiment  as  one  alternative  to  fulfilling  a 
course  requirement.  Each  subject  spoke  English  fluently  and  had  normal 
or  corrected-to-normal  vision. 

Stimul 1 

The  10  acronyms  used  in  this  experiment  were  all  composed  of  three 
consonants  (see  Table  1).  A  preliminary  study  indicated  that 
subjects  recognized  each  of  them  (they  were  the  10  most  familiar  among  a 
set  of  30  three-consonant  acronyms  that  were  examined). 
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The  first  step  In  constructing  the  nonword,  control  strings  was  to 
group  the  acronyms  Into  pairs.  For  each  pair,  the  first  two  letters  of 

one  acronym  were  combined  with  the  third  letter  of  the  other  acronym,  or 

the  last  two  letters  of  one  acronym  were  combined  with  the  first  letter 
of  the  other  acronym.  Thus,  pairing  NBC  with  LSD  yielded  NBD  and  LBC  as 
the  nonword-controls  for  NBC,  and  NSD  and  LSC  as  the  nonword-controls  for 
LSD.  The  10  acronyms  were  paired-off  in  this  manner  to  generate  20 
nonword-control s  (see  Table  2).  Using  the  same  procedure,  four  more 
all-consonant  acronyms  (GNP,  FTC,  KGB,  and  CPR)  were  used  to  generate 
eight  nonword-controls  for  the  practice  list.  For  one  group  of  subjects, 

all  the  letters  were  presented  in  upper-case.  For  a  second  group  of 

subjects,  all  the  strings  were  presented  in  alternating-case  format 
( 1 ower-upper-1 ower ) . 

Design 

The  probe  letter  for  each  trial  appeared  equally  often  In  the  first 
and  third  positions.  Half  of  the  trials  for  each  position  were  “yes" 
trials  and  half  were  "no"  trials.  Each  acronym  was  tested  in  both  the 
first  and  third  positions.  For  NBC,  the  probe  letter  for  the  first 
position  was  N  for  "yes"  trials  and  L  for  "no"  trials;  for  the  third 
position,  the  probe  letter  was  C  for  "yes"  trials  and  D  for  "no"  trials. 
Each  nonword-control  string  was  tested  in  either  the  first  or  third 
positions,  but  not  both.  As  can  be  seen  in  Table  2,  when  the  probe 
letter  for  testing  a  nonword-control  string  did  not  correspond  with  the 
letter  being  tested  (a  "no"  trial),  the  probe  letter  In  combination  with 
the  other  two  letters  In  the  string  formed  one  of  the  acronyms  from  which 
the  nonword-control  was  generated  (e.g.,  the  third-position  "no"  probe 
for  NBD  was  C,  which  in  combination  with  NB  formed  NBC).  This  feature  of 
the  design  was  the  basis  for  testing  familiarity-bias  in  subjects' 
responses  (further  discussion  of  this  test  is  presented  in  the  Results 
section). 

As  can  be  seen  in  Table  2,  there  were  two  different  nonword-control 
strings  for  each  acronym,  but  the  total  number  of  trials  was  the  same  for 
the  acronyms  (each  was  tested  in  two  positions)  and  the  nonword-controls 
(each  was  tested  in  only  one  position).  Since  each  position  was  tested 
twice,  once  with  a  "yes"  probe  and  once  with  a  "no"  probe,  each  of  the  10 
acronyms  was  tested  four  times  and  each  of  the  20  nonword-controls  was 
tested  twice,  producing  a  total  of  80  stimuli.  Three  random  orders  of 
these  stimuli  produced  three  blocks  of  80  trials.  Each  subject  worked  on 
one  of  three  orders  (Latin  square)  of  the  three  blocks.  These  240 
experimental  trials  were  preceded  by  up  to  96  practice  stimuli,  these 
constituting  three  blocks  of  32  trials  formed  from  the  four  practice 
acronyms  and  their  eight  nonword-controls. 

Procedure 


Testing  took  place  in  a  semi-darkened,  partially  sound-proof  room. 
An  Apple  lie  microcomputer  was  used  to  present  the  stimuli  and  record 
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subjects'  responses.  A  shield  placed  on  the  computer  keyboard  exposed 
two  response  keys  (labelled  "yes"  and  "no")  and  the  "return"  key. 

Each  three-letter  string  was  0.5  cm  in  height  and  1.2  cm  in  width.  When 
viewed  from  a  distance  of  1.3  m,  each  string  subtended  a  visual  angle  of 
0.2  deg  vertically  and  0.5  deg  horizontally. 

At  the  beginning  of  the  experimental  session,  the  experimenter  told 
the  subjects  that  they  would  be  seeing  three-letter  strings,  some  of 
which  would  be  meaningful  and  some  of  which  would  be  meaningless.  They 
were  also  told  that  a  single  letter  would  be  presented  immediately  after 
each  string,  and  that  they  were  to  decide  whether  or  not  the  letter  had 
appeared  In  the  string  in  the  same  position  as  the  test  letter.  The 
sequence  of  each  trial  was  as  follows:  a  fixation  point  In  the  center  of 
the  screen  was  replaced  by  three  ampersands  (&&&),  which  were  presented 
for  850  msec.  The  ampersands,  in  turn,  were  replaced  by  a  three-letter 
string.  After  the  string  was  presented  (see  below  for  the  duration),  the 
three  ampersands  replaced  the  string,  along  with  a  single  probe  letter 
beneath  either  the  first  or  third  position  of  the  string.  This  display 
remained  on  the  screen  until  the  subject  responded. 

The  experiment  began  with  the  presentation  of  up  to  96  practice 
stimuli.  Subjects  responded  by  pressing  one  of  two  keys  (feedback  was 
provided  by  a  "beep"  after  an  incorrect  response).  The  practice  trials 
involved  a  psychophysical  staircase  procedure,  the  purpose  of  which 
was  to  select  an  exposure  duration  for  each  subject  that  would  result  in 
his/her  detection  accuracy  reaching  an  asymptote  of  approximately  70% 
correct.  The  staircase  procedure  resulted  in  the  selection  of  an 
exposure  duration  for  each  subject  that  was  used  for  all  240  experimental 
trials.  The  mean  exposure  duration  was  88  msec  for  strings  presented 
entirely  in  upper-case  and  98  msec  for  strings  presented  in 
alternating-case.  The  difference  between  the  two  conditions  was  not 
significant,  [t(34)  <  1.0], 
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Results 

Mean  percentage  errors  and  d*  scores  for  the  experimental  trials  are 
presented  In  Table  3.  In  the  analyses  of  variance  that  follow,  Fs  refers 
to  tests  against  error  terms  based  on  subject  variability  and  Fi  refer  to 
tests  against  error  terms  based  on  item  variability. 

A  WSE  was  obtained,  but  only  when  letter-detection  was  tested  in  the 
third  position  of  the  three-letter  strings.  The  results  based  on 
percentage  errors  Indicated  that  there  was  a  significant  interaction 
between  stimulus-type  and  position  [Fs(l,34)  »  30.01,  p  <  .001,  MSe  * 
11.82;  Fi ( 1,9)  ■  46.89,  £  <  .001,  MSe  »  15.43].  Similar  results  were 
obtained  when  the  analysis  was  based  on  d*  scores  [Fs(l,34)  »  20.04,  p  < 
.001,  MSe  «  .41;  Fi(l, 9)  »  44.85,  p  <  .001,  MSe  ■  .12].  Tests  of  simple 
effects  (on  percentage  errors)  indicated  that  the  acronym/ nonword 
difference  (l.e.,  the  WSE)  was  significant  for  the  detection  of  letters 
in  Position  3  [Fs(l,34)  -  27.56,  £  <  .001,  MSe  •  13.33;  F1{1,9)  ■  42.55, 


p  <  .001,  MSe  »  15.54].  but  was  not  significant  for  the  detection  of 
Tetters  in  Position  1  [Fs(l,34)  <  1.0;  FI (1,9)  <  1.0]. 

Case-alternation  reduced  the  size  of  the  WSE  by  a  factor  of  two,  the 
reduction  being  particularly  evident  when  letter-detection  was  tested  In 
the  third  position.  However,  the  effect  of  case-alternation  on  the  WSE 
was  only  marginally  reliable.  The  interaction  between  stimulus-type  and 
case-type  on  percentage  errors  was  significant  irfien  tested  against 
subject  variability  [Fs(l,34)  *  5.46,  p  <  .05,  MSe  *  29.66 J,  but  fell 
just  short  of  significance  when  tested  against  item  variability  [FI (1.9) 

»  4.27,  £  >  .05,  MSe  ■  34.13].  When  the  analysis  of  variance  was  based 
on  d'  scores,  the  Interaction  fell  Just  short  of  significance  when 
"Items"  was  the  random  factor  [Fi(l,9)  •  4.56,  p  >  .05,  MSe  »  .44],  and 
was  not  significant  when  "subjects"  was  the  random  factor  [Fs(l,34)  * 
2.69,  £  >  05,  MSe  ■  .34].  The  marginal  reliability  of  the  case- 
alternation  effect  on  the  WSE  could  have  been  the  result  of  case- 
alternation  having  Its  strongest  effects  when  letter-detection  was  tested 
for  the  first  position,  but  the  WSE  was  obtained  only  when  letter- 
detection  was  tested  in  the  third  position.1 
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The  consistency  of  the  WSE  In  Position  3  is  highlighted  by  the  d' 
data  In  Table  4;  a  positive  WSE  was  obtained  for  each  of  the  10  acronyms. 
However,  three  of  the  Items,  FOR,  NFL,  and  FPL,  might  be  construed  as 
having  some  residual  orthographic  regularity;  the  last  two  letters  of 
each  are  orthographical ly  regular  bigrams.  Their  bigram  regularity 
notwithstanding,  we  considered  their  occurrence  irregular  because  DR,  FL, 
and  PL  never  appear  in  the  final  positions  of  words.  However,  to  give 
our  hypothesis  the  strongest  possible  test,  we  performed  an  additional 
analysis  without  these  three  items  (and  their  associated  nonword- 
controls).  Although  there  was  an  over-all  reduction  in  accuracy,  the 
pattern  of  results  and  the  outcome  of  statistical  analyses  remained  the 
same. 


The  final  analysis  tested  for  familiarity-bias.  Henderson  and  Chard 
(1976)  and  Seymour  and  Jack  (1979)  found  that  subjects  were  biased  to 
make  "same"  as  opposed  to  "different"  responses  when  the  strings  they 
were  comparing  were  familiar  acronyns  compared  with  unfamiliar  control 
strings.  Carr,  Posner,  Pollatsek,  and  Snyder  (1979)  obtained  a  similar 
famlllarity-blas  for  orthograph ically  regular  words.  For  this  reason,  we 
tested  for  whether  subjects  were  biased  to  respond  "yes"  when  the  probe 
letter  combined  with  the  previously  detected  information  In  the  string  to 
form  a  familiar  acronym.  Such  a  bias  could  have  resulted  in  letter- 
detection  being  more  accurate  for  the  acronyms  than  the  control  strings. 

Our  procedure  for  determining  whether  the  WSE  was  due  to 
familiarity-bias  was  based  on  detection  performance  for  the  nonwords. 
Consider  the  string  LBC.  The  probe  letter  for  testing  detection  of  the 
first  letter  In  this  string  was  either  L  or  N.  The  latter,  combined  with 
detected  information  specifying  that  there  was  a  B  and  C  in  the  second 
and  third  positions  of  the  string,  could  produce  the  familiar  string. 


NBC.  A  higher  rate  of  false  alarms  (“yes"  responses  to  N)  than  misses 
("no*  responses  to  L)  Mould  Indicate  that  subjects  Mere  biased  to  respond 
"yes"  Mhen  the  probe  letter  completed  a  familiar  acronym.  However,  this 
conclusion  could  be  reached  only  In  the  absence  of  a  general  bias  to  make 
more  "yes"  than  "no"  responses.  In  testing  our  nonMord  data  for 
familiarity-bias,  Me  found  that  the  false  alarm  rate  Mas  equal  to  or 
lOMer  than  the  miss  rate  at  both  probe  positions  and  for  both  case-types. 
In  addition,  there  Mas  no  Indication  of  a  general  bias  tOMard  "yes" 
responses  (only  48. 9%  of  the  responses  Mere  "yes").  It  Mas  unlikely, 
theefore,  that  the  WSE  Me  obtained  Mas  the  result  of  familiarity-bias. 

Discussion 

The  experimental  results  Indicated  that  a  WSE  could  be  obtained  with 
three-consonant  acronyms.  The  absence  of  vowels  for  these  stimuli  made 
It  Impossible  for  the  WSE  to  have  depended  on  Mhole-unlt  phonological 
codes  formed  on  the  basis  of  spell Ing-to-sound  translation  rules. 
Furthermore,  since  the  WSE  did  not  require  the  presence  of 
orthographical ly  regular  spelling  combinations.  It  could  be  concluded 
that  If  It  depended  on  visual  unitization,  the  units  formed  could  not 
have  corresponded  to  Intermediate- level ,  orthographical ly  familiar 
Digrams  (Glushko,  1979).  Nonentheless,  the  data  did  not  support  the 
hypothesis  that  the  WSE  for  the  acronyms  Mas  mediated  by  Mho 1 e-word 
visual  units.  The  WSE  was  obtained  only  when  letter-detection  was  tested 
in  the  third  position.  If  the  WSE  for  the  acronyms  depended  on  the 
formation  of  whole-word  visual  units.  It  would  have  been  obtained  for  all 
letter  positions  that  were  tested.  Evidence  that  letter-position 
affected  detection  accuracy  for  the  nonwords  (Implying  left-right 
scanning),  but  not  the  acronyms,  might  be  construed  as  supportive  of  the 
hypothesis  that  whole-word  visual  units  were  formed  for  the  acronyms. 
However,  case-alternation  reduced  the  size  of  the  WSE  without  Introducing 
the  left-right  scanning  effects  suggested  by  the  nonword  data.  If  the 
WSE  for  the  acronyms  depended  on  the  formation  of  whole-word  visual 
units,  and  case-alternation  was  interfering  with  the  formation  of  such 
units,  then  left-right  scanning  effects  would  also  have  been  observed  for 
the  case- alternated  acronyms. 

In  the  absence  of  evidence  for  the  formation  of  whole-word  visual 
units,  and  the  impossibility  of  forming  Intermediate- level  visual  units, 
we  concluded  that  the  WSE  obtained  for  the  acronyms  was  mediated  by  the 
post-lexical  activation  of  higher-order  phonological  units.  The  units 
proposed  would  not  be  formed  as  a  result  of  spell Ing-to-sound  translation 
rules;  the  acronyms  lacked  the  vowels  necessary  for  the  application  of 
such  rules.  Instead,  they  would  Involve  the  names  for  each  letter  In  the 
acronym,  with  phonological  unitization  resulting  from  the  activation  of 
sequential,  associatively  connected,  single-letter  phonological  codes 
stored  in  the  lexical  representation  for  the  acronym. 

One  of  the  reasons  Carr  and  Pollatsek  (1985)  proposed  their 
unitization  hypothesis  was  the  need  to  protect  the  coded  information  in 
the  briefly  displayed  strings  from  memory  loss  until  the  post-stimulus 
response  alternatives  could  be  evaluated.  If  sequential,  associative 
connections  among  letter  names  were  serving  this  function.  It  would  be 
expected  that  the  facultative  effects  of  familiarity  would  be  observed 


for  letters  near  or  at  the  end  of  the  string;  these  would  be  the  letters 
most  susceptible  to  being  forgotten  in  a  left-right  scan  of  single- 
letter  phonological  codes.  This  was  the  case  In  the  experiment  reported 
in  this  paper,  as  well  as  an  unreported,  replication  experiment  (see 
again  Footnote  1);  a  WSE  was  obtained  for  the  acronyms,  but  only  for  the 
detection  of  letters  In  the  third  position. 

The  effect  of  case-alternation  in  reducing  the  site  of  the  WSE 
Indicated  that  access  to  the  lexicon  was  visually  mediated.  However,  the 
absence  of  orthographic  regularity  and  the  failure  to  obtain  the  WSE  in 
both  test  positions  indicated  that  lexical  access  was  based  on  letter- 
level  visual  units.  But  why  does  case -alter nation  reduce  the  WSE  for 
acronyms  (also  reported  by  Besner  et  al.,  1984),  and  not  for 
orthographical ly  regular  words  (McClelland,  1976)7  As  Indicated  earlier, 
orthographical 1y  regular  words  are  experienced  In  a  variety  of  ways, 
sometimes  entirely  lower-case,  sometimes  entirely  upper-case,  and 
sometimes  with  the  first  letter  upper-case  and  the  remaining  letters 
lower-case.  As  a  result,  it  Is  proposed  that  the  lexical  representations 
for  orthographical ly  regular  words  include  recognition  units  for  both  the 
upper-  and  lower-case  versions  of  their  constituent  letters.  It  would  be 
for  this  reason  that  case-alternation  has  no  effect  on  the  WSE  for 
orthographical ly  regular  words.  Because  acronyms  are  experienced 
exclusively  in  upper-case,  the  lexical  entries  for  acronyms  would  include 
recognition  units  for  only  the  upper-case  versions  of  their  constituent 
letters.  It  would  be  because  of  the  introduction  of  lower-case  letters 
that  case-alternation  reduces  the  WSE  for  acronyms  (it  may  not  eliminate 
It  because  lexical  activation  could  still  occur  via  letter-level 
phonological  codes).  Alternating  the  size  of  consecutive  upper-case 
letters  would  not  affect  the  WSE  for  acronyms  (Besner,  et  al.,  1984)  if 
the  attributes  for  recognizing  the  upper-case  letters  were  specified 
with  sufficient  abstraction  for  the  recognition  units  to  generalize  to 
letters  of  any  size.  A  similar  argument  would  account  for  the  Invariance 
of  the  WSE  when  words  are  presented  in  mixed  type-fonts  (Adams,  1979). 

In  conclusion,  the  results  of  this  experiment  indicated  that  a  WSE 
could  be  obtained  in  the  absence  of  orthographic  regularity.  However, 
there  was  no  support  for  the  hypothesis  that  the  WSE  for  acronyms  was 
mediated  by  whole-word  visual  codes.  As  argued  earlier,  if  evidence  for 
whole-word  visual  unitization  could  not  be  obtained  for  three-consonant 
acronyms,  it  is  unlikely  that  such  evidence  would  be  obtainable  for 
orthographically  regular  words.  Our  evidence  against  the  formation  of 
whole-word  visual  units  Is  therefore  at  odds  with  one  of  the  fundamental 
assumptions  underlying  the  "sight"  method  of  reading  Instruction  (see 
Crowder,  1982,  for  review).  Instead,  of  visual  unitization,  our 
experimental  results  were  explained  in  terms  of  phonological  unitization. 
This  was  consistent  with  Carr  and  Pollatsek's  (1985)  assertion  that 
unitization  In  the  WSE  is  typically  phonological.  In  the  case  of 
acronyns,  phonological  unitization  appears  to  be  based  on  the  post- 
lexical  generation  of  sequential,  associatively  connected  phonological 
codes  for  individual  letters,  rather  than  the  application  of  spelling-to- 
sound  translation  rules  to  orthographically  regular  letter  strings.  The 
lexical  representations  containing  these  associatively  unitized 
phonological  codes  seem  to  be  accessed  by  letter-level  visual  units,  but 
they  might  also  be  accessible  via  letter-level  phonological  units. 
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Footnotes 

lThe  results  reported  in  this  experiment  were  replicated  as  one 
part  of  another  experiment.  In  this  replication,  which  included  two 
more  acronyms  (8LT,  VHF)  and  their  associated  nonword-controls,  the  WSE 
was  again  obtained  only  when  letter-detection  was  tested  in  the  third 
position.  Analyses  of  variance  on  percentage  errors  replicated  the 
significant  interaction  between  stimulus-type  and  position  [Fs(l,34)  * 
28.76,  p  <  .001,  MSe  ■  33.06;  Fi (1,11)  -  12.41,  £<  .05,  KSe  -  110.59]. 
Tests  of  simple  effects  indicated  that  the  acronym/nonword  difference 
in  letter-detection  accuracy  was  significant  for  Position  3  [Fs(l,34)  * 
45.33,  p  <  .001,  MSe  •  37.32;  Fi (1,11)  »  19.83,  £  .01,  MSe  ■  120.25), 
but  not  for  Position  1  [Fs(l,34)  -  2.34,  £  >  .05,  MSe  •  37.23;  Fi(l,ll) 
»  1.10,  £  >  .05,  MSe  -  120.25]. 

Case-alternation  again  reduced  the  size  of  the  WSE,  and  the 
reduction  was  again  greater  when  letter-detection  was  tested  in  the 
third  position.  However,  in  this  experiment  the  effect  of  case- 
alternation  on  the  WSE  was  statistically  reliable:  the  interaction 
between  stimulus-type  and  case-type  on  percentage  errors  was 
significant  [Fs(l,34)  -  15.10,  £  <  .001,  MSe  -  41.39;  Fi(l.ll)  •  8.92, 
£  <  .05.,  MSe  -  100. 26] . 


Acronyms  used  for  the  experimental  trials. 

LSD  Lysergic  Acid  Diethyl  amide 

NBC  National  Broadcasting  Company 

LBJ  Lyndon  Baines  Johnson 

FDR  Franklin  Delano  Roosevelt 

JFK  John  Fitzgerald  Kennedy 

PBS  Public  Broadcasting  System 
CBS  Columbia  Broadcasting  System 

FPL  Florida  Power  and  Light 

NFL  National  Football  League 

BMW  Bavarian  Motor  Works 
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Table  2 

Items  and  probe  letters  for  the  experimental  trials. 


TEST  LETTER 


ITEMS 

YES  RESPONSE 

NO  RESPONSE 

Acronyns 

Nonwords 

Pos.  1 

Pos.  3 

Pos.  1 

Pos. 

ISO 

L 

0 

N 

C 

NSO 

N 

L 

LSC 

C 

0 

NBC 

N 

C 

L 

0 

LBC 

L 

N 

N8D 

0 

C 

LBJ 

L 

J 

F 

R 

FBJ 

F 

L 

LBR 

R 

J 

FOR 

F 

R 

L 

J 

LOR 

L 

F 

FOJ 

J 

R 

JFK 

J 

K 

P 

S 

PFK 

P 

J 

JFS 

S 

K 

PBS 

P 

S 

J 

K 

JBS 

J 

P 

PBK 

K 

S 

CBS 

C 

S 

F 

L 

FBS 

F 

C 

C8L 

L 

S 

FPL 

F 

L 

C 

s 

CPL 

C 

F 

FPS 

S 

L 

NFL 

N 

L 

B 

W 

BFL 

8 

N 

NFW 

W 

L 

BMW 

B 

W 

N 

L 

NW 

N 

8 

BML 

L 

W 
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Table  3 

Mean  percentage  error  rates  and  d1  scores. 


Upper-Case 

Mixed-Case 

Stimulus 

1st 

3rd 

1st 

3rd 

Type 

Position 

Position 

Position 

Position 

PERCENTAGE  ERRORS 

Acronyns 

8.1 

10.4 

16.7 

13.6 

Controls 

10.2 

24.1 

14.9 

21.2 

Difference  (WSE) 

2.1 

13.7 

-1.8 

7.6 

d' 

Acronyms 

2.91 

2.82 

2.25 

2.51 

Controls 

2.84 

1.60 

2.30 

1.81 

Difference  (WSE) 

.07 

1.22 

« 

• 

o 

cn 

.70 

I 
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Table  4 

The  word  superiority  effect  (WSE)  for  each  acronym  obtained 
by  calculating  the  difference  in  d'  between  each  acronym 
and  its  nonword  control  strings. 


Upper-Case  Alternating-Case 


1st 

Position 

3rd 

Position 

1st 

Position 

3rd 

Position 

LSO 

1.79 

2.93 

-0.98 

0.07 

NBC 

0.52 

1.53 

-0.80 

0.88 

LBJ 

0.51 

0.89 

-0.31 

0.85 

FOR 

0.00 

2.24 

0.87 

1.32 

JFK 

-0.23 

1.29 

0.94 

0.94 

PBS 

0.32 

1.60 

1.61 

0.74 

CBS 

0.44 

1.98 

-0.76 

0.71 

FPL 

0.66 

1.70 

-0.67 

2.05 

NFL 

-0.03 

1.34 

0.70 

0.53 

BMW 

0.13 

0.63 

-1.22 

0.08 
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SECTION  38 

Perceptual  Units  In  the  Acquisition  of  Visual  Categories 
Howard  S.  Hock,  Cheryl  Tromley,  and  Lynn  Polmann 

Abstract 

A  series  of  experiments  provided  evidence  that  the  representational 
structure  of  categories  comprising  dot  patterns  is  based  on  pattern-parts 
and  pattern-configuration  rather  than  pattern-elements.  We  found  that 
similarity  judgnents  and  post-acquisition  classification  data  could  not 
be  explained  in  terms  of  element-level  perceptual  units,  even  for 
categories  of  dot  patterns  with  seven  of  their  eight  dots  in  the  exact 
same  relative  location.  The  importance  of  higher-order  perceptual  units 
was  indicated  by  evidence  that  the  long-term  retention  of  information 
specific  to  previously  learned  category  exemplars,  which  is  typical  of 
natural  objects,  can  also  be  obtained  for  artificial  dot  patterns, 
providing  their  structure  reflects  the  perceptual  characteristics 
identified  in  Tversky  and  Hemenway's  (1984)  study  of  natural  objects: 
members  of  the  same  category  had  to  be  perceptually  distinctive  at  the 
level  of  pattern-configuration,  and  perceptually  similar  at  the  level  of 
pattern-parts.  The  level  of  within-category  similarity  for  a  set  of 
categories  (relative  to  between-category  similarity)  did  not  predict 
whether  item-specific  information  would  be  retained;  long-term  retention 
appears  to  require  both  within-category  similarity  and  dissimilarity,  but 
at  different  levels  of  perceptual  structure. 


Contemporary  research  concerned  with  categorization  has  had  two 
major  foci.  The  first,  which  can  be  traced  to  the  research  of  Rosch  and 
her  colleagues  (Rosch  &  Meryls,  1975;  Rosch,  Mervis,  Gray,  Johnson,  & 
Boyes-Braem,  1976),  has  been  concerned  with  the  attribute  structure  of 
categories  comprising  natural,  real-world  objects.  The  second  focus, 
which  received  its  impetus  from  the  work  of  Posner  and  Keele  (1968, 

1970),  has  been  concerned  with  the  acquisition  of  categories  comprising 
initially  unfamiliar,  artificial  stimuli  (typically  dot  patterns). 

Although  there  have  been  studies  that  have  bridged  these  two  approaches 
(e.g.,  Rosch,  Simpson,  &  Miller,  1976;  Murphy  &  Smith,  1982),  our 
understanding  of  category  structure  for  natural  and  artificial  categories 
has  been  divergent  with  respect  to  the  long-term  retention  of  Information 
specific  to  previously  learned  category  exemplars,  and  with  regard  to 
what  is  considered  to  be  the  appropriate  level  of  perceptual  analysis  for 
determining  the  representational  structure  of  the  categories. 

Our  everyday  experience  with  natural  objects  is  sufficient  to 
demonstrate  that  being  able  to  categorize  an  object  Is  compatible  with 
being  able  to  distinguish  It  from  other  members  of  its  category.  For 
example,  being  able  to  classify  an  object  as  a  dog  Is  compatible  with 
being  able  to  identify  particular,  well-known  dogs  and  being  able  to 
determine  that  an  object,  though  readily  classifiable  as  a  dog,  has  never 
been  seer,  before.  In  contrast,  the  retention  of  Information  specific  to 
individual  category  exemplars  has  not  been  evident  in  research  Involving 
the  acquisition  of  artificial  categories.  The  typical  experimental 
result  is  that  previously  learned  category  exemplars  enjoy  an  advantage 
relative  to  novel  category  members  vrfien  classification  testing  occurs 
immediately  after  acquisition,  but  the  advantage  is  reduced  or  eliminated 
when  classification  testing  is  delayed  for  relatively  long  periods  of  time 
(typically,  one  week).  This  pattern  of  classification  data  has  been 
observed  for  such  diverse  stimuli  as  dot  patterns  (e.g.,  Posner  &  Keele, 
1970),  random  polygons  (Homa,  Sterling,  &  Trepel,  1981),  photographs  of 
real-world  scenes  (Hock  &  Schmelzkopf,  1980),  and  painting  style  (Hartley  & 
Homa,  1981). 

The  research  reported  in  this  paper  is  based  on  the  view  that  the 
long-term  retention  of  item-specific  exemplar  information  depends  on 
perceptual  relationships  among  the  objects  belonging  to  the  categories. 
Tversky  and  Hemenway's  (1984)  work  with  natural  objects  suggests  that 
critical  perceptual  relationships  occur  at  the  level  of  an  objects' 
constituent  parts.  They've  argued  that  objects  belonging  to  the  same  basic 
level  category  can  differ  in  overall  shape  or  configuration,  but  their 
category  membership  depends  on  shared  attributes  determined  at  the  level  of 
the  objects'  parts.  In  contrast,  researchers  working  with  artificial 
ftlmull  have  generally  argued  that  the  category  membership  of  a  stimulus 
'epends  on  its  similarity  to  a  central,  prototypical  representation  (e.g., 
Posner  &  Keele,  1968).  Implicit  In  this  view,  which  has  been  formalized  in 
conjunction  with  a  model  proposed  by  Knapp  and  Anderson  (1984),  is  the 
assunptlon  that  the  location  of  individual  elements  is  the  appropriate 
level  of  analysis  for  artificial  dot  patterns.  Knapp  and  Anderson  (1984) 
propose  that  categories  are  learned  via  the  cumulative  neuronal  effect  of 
the  sensory  inputs  associated  with  a  particular  response.  When  applied  to 
dot  patterns,  their  model  assumes  that  each  dot  produces  neuronal  activity 
that  is  maximized  at  the  perceived  location  of  the  dot  and  diminishes 
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exponentially  In  surrounding  locations.  Patterns  of  dots  are  “represented 

as  spatially  organized  bumps  of  activity  (p.  623)“  that  are  added  to  the 

neuronal  activity  produced  by  previous  visual  inputs  associated  with  the 

same  response.  Therefore,  when  the  elements  of  successive  patterns  remain 

in  similar  locations,  well-defined  peaks  of  neuronal  activity  emerge  at 

those  locations,  but  when  the  relative  spatial  locations  of  the  dots  are 

distorted  In  successive  patterns,  the  neuronal  activity  associated  with 

each  dot  is  maximized  at  a  location  between  the  various  locations  of  the 

dots.  In  this  way,  Knapp  and  Anderson  (1984)  account  for  the  emergence  of 

prototypical  Information  in  memory  without  the  assumption  of  separately  * 

stored  exemplars  and  prototypes.  Although  they  acknowledge  that  pairwise  , 

and  higher-order  relations  among  the  elements  of  a  dot  pattern  could 

contribute  to  the  pattern's  memory  representation,  and  their  model,  at 

least  on  an  abstract  level,  could  accomodate  higher-order  units,  its  most 

concrete  application  is  for  element-level  units. 

In  the  present  study,  we  were  concerned  with  whether  the  appropriate 
unit  of  perceptual  analysis  for  studying  categorization  Is  at  the  level  of 
individual  elements,  which  has  been  implicit  in  most  studies  based  on 
artificial  dot  patterns,  or  at  the  level  of  parts,  as  Indicated  by  studies 
of  natural  object  categories.  Our  initial  objective  was  to  demonstrate, 
contrary  to  Knapp  and  Anderson's  (1984)  formalization,  that  perceptual 
relations  among  dot  patterns  belonging  to  the  same  category  are  not 
adequately  represented  at  the  level  of  individual  elements.  Our  second 
objective  was  to  show  that  the  long-term  retention  of  information  specific 
to  previously  learned  category  exemplars,  which  Is  typical  of  natural 
objects,  can  also  be  observed  for  artificial  dot  patterns.  The  necessary 
condition  for  the  latter  would  be  that  the  categories  encompassing  the 
artificial  patterns  be  constructed  to  reflect  the  higher-order  perceptual 
units  that  are  the  basis  for  the  categorization  of  natural  objects.  Based 
on  Tversky  and  Hemenway's  (1984)  description  of  natural  object  categories. 

It  was  hypothesized  that  evidence  for  the  long-term  retention  of 
information  specific  to  Individual  category  exemplars  would  be  obtained  if 
dot  patterns  belonging  to  the  same  category  were  similar  to  each  other  at 
the  level  of  the  patterns'  parts,  and  uniquely  different  from  each  other 
the  level  of  the  patterns'  configuration.  Our  determination  of  configural 
similarity  and  uniqueness,  was  based  on  the  correspondence  of  pattern-part 
That  Is,  two  patterns  were  considered  conflgurally  similar  if  they  were 
composed  of  the  same  parts,  and  the  parts  were  In  the  same  relative 
location.  They  were  considered  conflgurally  distinct  when  they  were 
composed  of  unique  combinations  of  parts. 

Experiment  1 

In  this  experiment  we  describe  the  three  sets  of  patterns  used  in  the 
experiments  reported  in  this  paper,  the  way  subjects  segmented  the  patterns 
into  their  constituent  parts,  and  finally,  how  subjects  judged  the  relative 
similarity  of  patterns  for  each  of  the  three  sets.  These  results  were  the 
basis  for  Experiments  2  and  3,  which  examined  acquisition  and  post- 
acquisition  classification  performance  for  each  of  the  three  sets  of 
categories,  the  objective  being  to  test  for  the  long-term  retention  of 
Information  specific  to  individual  category  members. 


Stimuli 


Dot  patterns  were  defined  as  belonging  to  the  same  category  If  they 
were  generated  from  the  same  base  pattern.  The  four  base  patterns  used  to 
generate  the  categories  are  presented  at  the  top  of  Figure  1.  Each  base 
pattern  comprised  eight  dots  whose  locations  were  defined  by  positions  In 
an  Imaginary  11  x  11  grid.  The  spacing  between  grid  lines  was  equal  to  one 
dot -diameter,  resulting  In  patterns  that  were  relatively  compact.  For 
descriptive  convenience,  the  categories  generated  from  the  four  base 
patterns  were  Identified  by  a  letter  (A,  B,  C,  or  D),  and  each  member  of  a 
category  was  Identified  by  a  number  (1  through  8).  Three  sets  of 
categories  (I,  II,  and  III)  were  generated. 

Set  I .  The  patterns  belonging  to  the  four  categories  In  Set  I  are 
presented  In  Figure  1.  The  procedure  used  to  generate  these  patterns  is 
Illustrated  In  Figure  2.  Category  members  were  generated  by  selecting 
one  dot  from  each  base  pattern  and  moving  only  that  dot  to  new  locations 
outside  Its  inmedlate  neighborhood  In  the  base  pattern.  Eight  different 
patterns  were  generated  by  placing  the  "movable"  dot  In  eight  different 
locations.  As  a  result,  for  each  of  the  patterns  belonging  to  the  same 
category,  seven  of  the  eight  dots  were  In  precisely  the  same  relative 
location.  The  locations  for  the  "movable"  dot  were  selected  to  create 
categories  for  which  Individual  patterns  had  distinctive  configurations, 
despite  their  high  level  of  1:1  element-correspondence. 


Insert  Figures  1  and  2  about  here 


Set  II.  The  patterns  in  Set  II,  which  were  generated  from  the  same 
base  patterns  as  Set  I,  are  presented  In  Figure  3.  Category  members  were 
produced  by  selecting  a  group  of  three  dots  from  the  base  patterns  that 
were  located  near  each  other,  and  moving  these  dots  one  space  in  the  same 
direction  (see  Figure  4).  For  each  base,  two  category  members  were 
generated  by  moving  three  dots  to  the  left,  two  were  generated  by  moving 
three  dots  to  the  right,  two  by  moving  three  dots  up,  and  two  by  moving 
three  dots  down.  A  different  grouping  of  three  dots  was  selected  for 
movement  to  produce  each  of  the  eight  category  members  (each  dot  in  each 
base  pattern  was  moved  equally  often). 


Insert  Figures  3  and  4  about  here 


Set  III.  The  Set  III  patterns,  which  are  presented  in  Figure  5,  were 
generated  by  a  more  severe  version  of  the  Set  II  procedure.  The  first  step 
was  to  segregate  the  eight  dots  composing  each  base  into  two  groups  of 
three  dots  and  one  group  of  two  dots.  The  dots  within  each  group  were  then 
moved  one  space  in  the  same  direction,  but  the  different  groups  were  each 
moved  in  a  different  direction  (see  Figure  6).  Each  pattern  generated  in 
this  way  Involved  a  different  segregation  of  the  base  pattern's  eight  dots 
into  groups  of  three,  three,  and  two,  and  a  different  pattern  of 
movement-direction  for  the  three  groupings. 
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Insert  Figures  5  and  6  about  here 


Analysis  of  Pattern-Parts 

Method.  Three  groups  of  128  undergraduate  students  at  Florida 
Atlantic  University  participated  in  this  part  of  the  experiment.  They 
were  required  to  segment  dot  patterns  Into  their  constituent  parts.  One 
group  was  assigned  to  the  Set  I  patterns,  one  group  to  the  Set  II 
patterns,  and  one  group  to  the  Set  III  patterns.  Each  subject 
worked  with  only  four  patterns,  one  from  each  category  (A,  B,  C,  or  D). 

They  were  not  shown  more  than  one  member  of  a  category  because  we  were 
concerned  that  they  might  recognize  a  pattern  as  a  new  version  of  a 
preceding  one  and  feel  constrained  to  repeat  their  preceding  responses. 
Booklets  comprising  four  14  om  x  20  cm  sheets  of  white  paper  were  formed. 

A  different  dot  pattern  (2.5  cm  x  2.5  cm)  was  presented  on  each  sheet. 

The  four  patterns  In  each  booklet  always  came  from  different  categories 
in  the  following  eight  combinations:  A1B1C1D1,  A2B2C2D2,  A3B3C3D3, 
A4B4C4D4,  A5B5C5D5,  A6B6C6D6,  A7B7C7D7,  A888C8D8.  Sixteen  booklets  were 
formed  for  each  combination  (the  order  of  patterns  within  each  booklet  was 
counterbalanced),  resulting  in  the  production  of  128  booklets.  Subjects 
were  unaware  that  the  patterns  were  to  be  used  in  categorization 
experiments.  Some  were  tested  individually;  most  were  tested  In  groups. 

Each  subject  was  given  a  booklet  of  four  patterns  and  instructed  to 
draw  circles  around  the  dots  in  each  pattern  to  form  three  clusters  (the 
number  of  clusters  was  restricted  so  that  each  subject's  data  would  have  an 
equal  weight  In  determining  the  perceptual  parts  of  each  pattern). 

Subjects  were  told  that  the  clusters  should  reflect  their  perception  of  the 
natural  groupings  of  dots  within  the  patterns.  The  clusters  they  formed 
could  overlap,  and  one  cluster  could  be  contained  within  another.  Every 
dot  had  to  appear  in  at  least  one  cluster,  even  If  it  appeared  alone,  and 
no  circle  could  surround  all  the  dots  in  the  pattern. 

Results.  Our  analysis  of  the  parts  of  each  pattern  focussed  on  the 
three  clusters  of  elements  that  were  circled  most  frequently  by  subjects 
(the  three  clusters  encompassed  all  eight  dots  composing  each  pattern). 

It  was  assuned  that  they  were  the  most  salient  parts  or  subunits  of  the 
pattern.  For  all  three  sets,  we  found  that  patterns  belonging  to  the  same 
category  shared  the  same  salient  parts  to  a  much  greater  extent  than 
patterns  belonging  to  different  categories.1  Closer  examination 
indicated  that  the  part-structures  for  the  Set  I  and  Set  III  categories 
were  similar.  For  both  sets,  pairs  of  patterns  from  the  same  category 
generally  shared  one  or  two  salient  parts,  but  different  pattern-pairs 
usually  shared  different  salient  parts.  Despite  this  part-level  over-lap, 
there  was  only  one  Instance  In  which  the  three  most  salient  parts  of  a 
pattern  corresponded  to  the  three  most  salient  parts  of  another  pattern. 
Thus,  every  pattern  shared  some  of  its  parts  with  other  members  of  its 
category,  but  almost  every  pattern  was  composed  of  a  different  combination 
of  parts.  We  concluded  on  this  basis  that  members  of  the  same  Set  I  and 
Set  III  categories  were  configurally  unique. 

In  contrast  with  the  Set  I  and  Set  III  patterns,  we  found  that  the 
three  most  salient  pattern-parts  appeared  in  the  same  combination  (and 
the  same  relative-location)  in  the  majority  of  Set  II  patterns  belonging 
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to  the  same  category.  On  this  basis,  we  concluded  that  most  members  of  the 
same  Set  II  categories  were  configurally  similar. 

Similarity  Judgments 

Method.  Six  undergraduate  and  graduate  students  at  Florida  Atlantic 
University participated  In  this  experiment.  None  had  foreknowledge  that 
the  patterns  were  to  be  used  in  categorization  experiments.  Each  subject 
rated  perceived  similarity  for  a  randomly  ordered  sequence  of  360 
pattern-pairs;  120  pairs  from  Sets  I,  II,  and  III.  The  120  pairs  from  each 
set  were  formed  from  all  combinations,  both  within-  and  between-category, 
of  Patterns  1,  2,  7,  and  8.  The  assignment  of  each  pattern  to  the  left  and 
right  position  of  each  pair  was  balanced  across  the  120  pairs,  each  of 
which  was  presented  on  a  14  cm  x  20  cm  sheet  of  white  paper. 

Procedure.  Subjects'  judgments  were  based  on  a  10-point  rating 
scale,  1  indicating  that  the  patterns  were  highly,  dissimilar  and  10 
Indicating  that  they  were  highly  similar.  Subjects  were  given  several 
minutes  to  look  through  the  stack  of  pattern-pairs  before  they  began. 


Insert  Table  1  about  here 


Results.  As  Indicated  In  Table  1,  mean  similarity  ratings  for 
with In-category  pattern-pairs  from  Set  I  were  intermediate  to  the  ratings 
obtained  for  Set  II  and  Set  III.  The  same  ordering  was  independently 
observed  for  each  of  the  six  subjects.  There  was  little  difference  in 
between-category  similarity  ratings  among  the  three  sets. 

Discussion 

Although  seven  of  the  eight  dots  were  in  exactly  the  same  relative 
location  for  patterns  belonging  to  the  same  Set  I  category,  subjects 
rated  these  pattern-pairs  as  lower  in  similarity  than  within-category 
pattern-pairs  from  the  same  Set  II  category.  This  suggested  that 
similarity  ratings  for  pairs  of  Set  I  patterns  did  not  depend  on  the 
correspondence  of  element-level  perceptual  units.  To  argue  otherwise,  it 
would  have  to  be  assumed  that  similarity  judgments  were  more  affected  by 
large  differences  In  location  for  one  dot  (the  Set  I  patterns)  compared 
with  small  differences  In  location  for  many  dots  (the  Set  II  patterns). 
However,  an  Inspection  of  the  Set  I  patterns  In  Figure  1  makes  it  clear 
that  the  detection  of  the  one  discrepant  ("moving")  dot  is  not  easy,  even 
when  one  Is  looking  for  it.  Since  subjects  judging  similarity  had  no 
reason  to  look  for  the  discrepant  dot.  It  is  unlikely  that  their  judgments 
were  biased  to  emphasize  the  relatively  large  differences  In  its  location. 
Similarity  ratings  for  these  patterns  were.  In  all  likelihood.  Influenced 
by  higher-order  perceptual  units  than  individual  pattern-elements. 

The  analysis  of  pattern-parts  Indicated  that  the  structure  of  the 
Set  I  categories  reflected  the  perceptual  characteristics  of  natural 
object  categories  that  we  hypothesized  are  necessary  for  the  long-term 
retention  of  Information  specific  to  Individual  category  members.  That  is, 
patterns  belonging  to  the  same  category  resembled  each  other  at  the 
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part-level,  and  were  perceptually  distinctive  at  the  configural-level. 

These  perceptual  requirements  were  not  well  established  for  Sets  II  and 
III.  For  the  Set  II  categories,  patterns  belonging  to  the  same  category 
resembled  each  other  at  the  part- level,  but  in  most  cases  were  not  as 
perceptually  distinctive  at  the  configural-level.  For  the  Set  III 
categories,  patterns  belonging  to  the  same  category  were  perceptually 
distinctive  at  the  configural-level,  but  judgnents  of  withln-category 
similarity  for  these  patterns  indicated  that  their  part-level  resemblance 
were  relatively  weak  compared  with  the  Set  1  and  Set  II  categories  (the 
arrangement  of  dots  within  each  part  and  the  location  of  the  part  within 
its  pattern  was  more  likely  to  be  exactly  the  same  for  pairs  of  patterns 
belonging  to  the  same  Set  I  and  Set  II  categories  compared  with  pairs  of 
patterns  belonging  to  the  same  Set  III  categories). 

On  the  basis  of  these  results,  it  was  predicted  that  evidence  for 
the  long-term  retention  of  Information  specific  to  individual  category 
exemplars  would  be  obtained  for  the  Set  I  categories,  but  the  more 
typical  experimental  result,  a  loss  of  item-specific  Information  with 
delayed  testing,  would  be  obtained  for  the  Set  II  and  Set  III  categories. 
These  predictions  were  tested  for  the  Set  I  and  Set  II  categories  In 
Experiments  2a  and  2b,  and  the  Set  I  and  Set  III  categories  in 
Experiments  3a  and  3b.  The  methodology  used  in  these  experiments  was 
originated  by  Posner  and  Keele  (1970).  It  Involved  Introducing  a  variable 
delay  between  category  acquisition  and  classification  testing,  and 
contrasting  classification  performance  for  previously  learned  (original) 
and  novel  category  members,  the  latter  being  generated  by  the  same  rules  as 
the  previously  learned  category  members.  A  significant  difference  in 
classification  accuracy  between  the  original  and  novel  members  of  the  same 
category  would  Indicate  that  subjects  retained  information  specific  to  the 
previously  learned  (original)  patterns. 

Since  Medln,  Dewey,  and  Murphy  (1983)  have  shown  that  the  nature  of 
the  training  procedure  can  affect  original/novel  differences  in 
classification  accuracy,  two  acquisition  procedures  were  used.  One 
required  learning  the  same  name  for  each  category  member,  the  other 
different  names  for  each  category  member. 

Experiment  2a 


Method 

Subjects.  Fifty-six  undergraduate  students  at  Florida  Atlantic 
University  voluntarily  participated  In  this  experiment. 

Design.  The  patterns  belonging  to  each  Set  I  category  were  divided 
into  two  subsets,  (1-4)  and  (5-8).  Subjects  were  randomly  assigned  to  one 
of  eight  conditions  defined  by  the  orthogonal  combination  of  training 
procedure  (concept-formation  vs.  paired-associate),  pattern  subset  during 
acquisition  (1-4  vs.  5-8),  and  time  of  classification  testing  (Immediate 
*s.  two-week  delay).  Classification  testing  Involved  the  presentation  of 
36  patterns:  16  original  patterns  that  were  presented  during  acquisition, 
16  novel  category  members  that  had  not  been  seen  before,  and  4  base 
patterns  that  also  had  not  been  seen  before.  If  subset  (1-4)  comprised  the 
originals  during  acquisition,  subset  (5-8)  comprised  the  novels  during 
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testing,  and  vice  versa.  The  36  patterns  were  presented  in  one  of  two 
random  sequences.  Matching  sequences  were  provided  for  counterbalancing 
the  (1-4)  and  (5-8)  subsets  as  originals  and  novels. 

Procedure.  Black  on  white  slides  of  each  pattern  were  back-projected, 
via  a  random-access  projector,  onto  a  translucent  screen  (their  size  was 
2.5  an  x  2.5  cm).  Viewed  from  a  distance  of  approximately  114  cm,  they 
intercepted  a  visual  angle  of  1.3  deg. 

Two  types  of  acquisition  procedure  were  used.  In  concept-formation 
training,  subjects  learned  the  same  verbal  label  for  each  member  of  a 
category  (see  Table  2).  They  were  told  that  they  would  be  seeing  16  dot 
patterns,  each  of  which  belonged  to  one  of  four  groups,  and  were 
instructed  to  look  for  relations  among  the  patterns  that  would  allow  them 
to  learn  which  patterns  belonged  In  each  group.  In  paired-associate 
training,  subjects  learned  different  verbal  labels  for  each  pattern  (see 
Table  2),  but  the  names  for  members  of  the  same  visual  category  belonged  to 
the  same  semantic  category.  The  labels  for  Category  A  were  all  names  of 
colors.  Category  B  names  of  cities.  Category  C  names  for  money,  and 
Category  0  names  of  months.  Subjects  receiving  pal red- as socl ate  training 
were  not  Instructed  to  look  for  visual  relations  among  the  patterns 
(although  the  semantic  similarity  of  the  pattern  names  could  have  directed 
attention  to  visual  relations  among  members  of  the  same  category). 


Insert  Table  2  About  Here 


Acquisition  began  with  subjects  being  shown  16  patterns  In  random 
order  (four  patterns  from  each  category),  the  experimenter  orally 
identifying  each  pattern.  Subsequent  blocks  of  16  trials  were  presented  in 
one  of  five  random  sequences,  the  order  of  these  sequences  varying  from 
subject  to  subject.  Ten  seconds  were  given  for  subjects  to  orally  Identify 
each  pattern,  at  which  point  they  were  required  to  make  their  best  guess. 
Corrective  feedback  was  provided  following  incorrect  responses.  The 
acquisition  phase  continued  until  two  consecutive  blocks  of  16  trials  were 
completed  without  error. 

Classification  testing  followed  acquisition  immediately,  or  after  a 
two-week  delay.  Each  pattern  was  presented  for  as  long  a  period  of  time 
as  subjects  needed  to  classify  the  pattern.  They  were  required  to  guess  if 
they  were  unsure  of  the  correct  response.  No  corrective  feedback  was 
provided.  If  subjects  had  received  concept-formation  training  during 
acquisition,  they  were  told  that  they  would  be  seeing  some  old  patterns  and 
some  new  ones  they  hadn't  seen  before,  and  that  the  patterns  belonged  in 
the  same  four  groups  that  they  had  already  learned.  They  were  provided 
with  the  appropriate  verbal  labels  (red,  green,  blue,  and  yellow)  on  an 
index  card.  If  subjects  had  received  paired-associate  training  during 
acquisition,  they  were  told  that  they  would  be  seeing  some  old  patterns  and 
some  new  ones  that  they  hadn't  seen  before,  and  that  the  patterns  belonged 
In  four  distinct  groups:  color,  city,  money,  and  month  (the  appropriate 
labels  were  again  provided  on  an  Index  card).  By  using  the  names  of  the 
semantic  categories,  both  the  previously  seen  and  novel  category  members 
could  be  Identified  with  the  same  responses. 
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Results 

Subjects  receiving  concept-formation  and  pal  red- associate  training 
required  an  average  of  6.5  and  10.4  trial-blocks  (excluding  the  two 
errorless  criterion  blocks),  respectively,  to  reach  the  acquisition 
criterion  (all  subjects  reached  criterion). 


Insert  Table  3  About  Here 


As  can  be  seen  in  Table  3,  classification  performance  was  more 
accurate  after  pal red- assoc  late  training  than  after  concept-formation 
training.  This  difference  was  probably  the  result  of  the  longer  training 
period  required  by  the  paired-associate  condition.  Following  both 
training  procedures,  original  category  members  (from  the  acquisition  set) 
were  classified  more  accurately  than  previously  unseen,  novel  category 
members,  the  original/novel  difference  being  maintained  over  the  two-week 
delay. ‘  An  analysis  of  variance  indicated  that  whether  the  patterns 
were  original  or  novel  significantly  affected  percent  classification 
accuracy  [F(l,52)  *  20.35,  j>  <  .001,  MSe  *  83.98],  but  did  not 
signif icantly  interact  with  the  tlme-of-test  (immediately  vs.  delay), 
[F(l,52)  <  1.0,  MSe  *  83.98].  The  advantage  of  the  original  compared 
with  the  novel  category  members  was  independently  observed  for  each  of  the 
four  Set  I  categories  (A,  B,  C,  and  D).  The  effect  of  training  procedure 
(concept-formation  vs.  pal red- associate)  was  significant  [F(l,52)  *  5.06,  £ 
<  .05,  MSe  *  121.48],  but  none  of  the  interactions  with  training  procedure 
were  significant.  Finally,  classification  accuracy  was  somewhat  lower  for 
the  base  patterns  than  other  category  members  that  weren't  seen  before. 
There  was  no  indication  that  the  base  patterns  had  any  special  status  in 
this  experiment  compared  with  other  category  members  that  were  not  seen 
before. 

Discussion 

The  results  of  this  experiment  indicated  that  previously  learned.  Set 
I  patterns  were  classified  more  accurately  than  novel.  Set  I  patterns,  and 
moreover,  that  this  difference  was  unaffected  by  the  introduction  of  a 
two-week  delay  between  acquisition  and  classification  testing.  This 
evidence  for  the  long-term  retention  of  item-specific  information  was 
obtained  regardless  of  whether  learning  to  identify  patterns  individually 
was  an  explicit  requirement  of  the  training  task  (paired-associate 
training)  or  not  (concept-formation  training).  The  experiment  therefore 
supported  the  hypothesis  that  long-term  retention  of  exemplar  information 
could  be  obtained  for  artificial  dot  patterns  when  patterns  belonging  to 
the  same  category  were  perceptually  similar  to  each  other  at  the 
part-level  and  perceptually  distinct  at  the  configural-level. 

Experiment  2b 

Method 

This  experiment  involved  acquisition  and  classification  testing  for 
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to  that  of  Experiment  2a.  Fifty-six  undergraduate  students  at  Florida 
Atlantic  University  voluntarily  participated  in  this  experiment. 

Results 
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Subjects  receiving  concept-formation  and  pal red- assoc late  training 
required  an  average  of  2.5  and  17.8  trial -blocks  (excluding  the  two 
errorless  criterion  blocks),  respectively,  to  reach  the  acquisition 
criterion  (all  subjects  reached  criterion).  Concept-formation  training  was 
easy  because  members  of  the  same  category,  which  were  to  receive  the  same 
name,  were  so  similar.  However,  it  was  because  they  were  so  similar  that 
It  was  difficult  to  learn  distinctive  names  for  each  category  member,  as 
required  by  paired-associate  training. 


Insert  Table  4  about  here 


An  examination  of  the  classification  errors,  which  are  presented  in 
Table  4,  Indicated  that  performance  was  again  more  accurate  after 
paired-associate  training  than  after  concept-formation  training.  In 
addition,  the  effect  of  tlme-of-test  (immediate  vs.  delay)  on  the 
classification  of  originals  and  novels  was  comparable  following 
concept-formation  and  pal red- assoc late  training.  Although  the  effect  was 
more  clear-cut  following  concept-formation  training,  for  both  training 
procedures  a  difference  in  classification  performance  between  original 
and  novel  category  members  was  obtained  for  immediate  testing,  but  not  when 
testing  took  place  two  weeks  after  acquisition. 

The  classification  data  obtained  in  this  experiment  did  not  lend 
themselves  to  analysis  of  variance.  This  was  because  a  large  number  of 
subjects  (68X  in  the  immediate  condition,  43%  in  the  delay  condition)  did 
not  make  any  errors  for  either  the  original  or  novel  patterns.  Instead 
of  analysis  of  variance,  we  collapsed  the  data  over  training  condition, 
determined  whether  each  subject  made  more  errors  on  novels  or  originals, 
and  performed  a  sign  test  that  contrasted  the  novel-original  differences 
for  immediate  and  delayed  testing.  We  found  a  significantly  greater 
tendency  toward  a  positive  novel-original  difference  In  imnediate 
compared  with  delayed  testing  [  2(2)  «  6.78,  j>  <  .05].  In  the 
immediate  condition,  nine  subjects  made  errors  on  novel  and/or  original 
patterns;  eight  made  more  errors  on  novels  than  originals,  and  one  was 
tied.  A  sign  test  Indicated  that  the  probability  was  only  .04  that  eight 
of  nine  subjects  would  have  made  more  errors  on  novels  than  originals  as  a 
result  of  chance  variation.  Furthermore,  the  higher  error  rate  for  novels 
compared  with  originals  was  consistently  obtained  within  each  of  the  four 
Set  II  categories  (A,  8,  C,  and  0).  In  the  delay  condition,  16  subjects 
made  errors  on  novel  and/or  original  patterns;  seven  made  more  errors  on 
novels,  six  made  more  errors  on  originals,  and  three  were  tied.  A  sign 
test  indicated  that  the  probability  was  .80  that  seven  of  16  subjects  would 
make  more  errors  on  novels  than  originals  as  a  result  of  chance  variation. 
Thus,  a  significant  difference  between  the  classification  of  novel  and 
original  patterns  was  obtained  when  testing  occurred  immediately  after 
acquisition,  but  the  difference  was  not  significant  with  delayed  testing. 
Finally,  ceiling  effects  made  it  difficult  to  evaluate  the  data  obtained 
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for  the  base  patterns.  The  results  obtained  when  testing  occurred 
Immediately  after  concept-formation  training  suggested  that  information 
specific  to  the  previously  learned  category  members  (originals)  generalized 
to  the  base  patterns  to  a  greater  extent  than  they  generalized  to  the  novel 
patterns. 

Discussion 


The  reduction  in  the  original /novel  difference  in  classification 
accuracy  with  delayed  testing  was  consistent  with  previous  literature 
using  the  Posner  and  Keele  (1970)  paradigm.  The  results  supported  the 
hypothesis  that  the  lack  of  configural  distinctiveness  for  the  Set  II 
categories  would  impede  the  long-term  retention  of  information  specific 
to  previously  learned  patterns.  In  addition,  obtaining  the  typical 
original /novel  by  tlme-of-test  interaction  for  the  Set  II  categories 
showed  that  the  atypical  results  obtained  for  the  Set  I  categories  In 
Experiment  2a  were  not  an  artifact  of  our  experimental  procedure. 

Experiment  3a 

In  this  experiment  we  again  used  the  Set  I  patterns,  but  strengthened 
the  test  of  long-term  retention  by  extending  the  duration  between 
acquisition  and  classif ication  testing  to  four  weeks.  Another  difference 
In  procedure  compared  with  Experiment  2a  was  that  Instead  of  presenting  the 
base  patterns  during  classification  testing,  we  presented  patterns  which 
were  formed  by  averaging  the  locations  of  dots  from  patterns  belonging  to 
the  same  category  (these  were  called  central  patterns).  If  subjects' 
representations  of  the  Set  I  categories  were  based  on  the  locations  of 
Individual  elements  (recall  that  seven  of  the  eight  dots  in  each  category 
member  were  in  the  exact  same  relative  location),  classification  accuracy 
would  be  better  for  the  central  patterns  than  the  novel  category  members, 
which  also  were  never  seen  prior  to  the  testing  phase.  The  third  change  in 
procedure  involved  the  introduction  of  yes/no  recognition  testing  In 
combination  with  classification  testing.  This  provided  an  additional 
measure  of  whether  subjects  retained  information  specific  to  the  patterns 
presented  during  acquisition.  Finally,  only  concept-formation  training  was 
used  in  this  experiment  (the  procedure  differed  from  Experiments  2a  and  2b 
for  reasons  unrelated  to  the  presented  study). 

Method 


All  36  subjects,  again  undergraduate  students  at  Florida  Atlantic 
University,  received  concept-formation  training  with  the  Set  I  categories. 
One  group  learned  Categories  A  and  B  first,  then  Categories  C  and  D  (each 
phase  had  a  criterion  of  two  consecutive  blocks  of  eight  errorless  trials). 
A  second  group  first  learned  C  and  D,  then  A  and  B.  This  was  followed,  for 
both  groups,  by  a  third  acquisition  phase  in  which  16  patterns  from  all 
four  categories  were  presented  in  randomly  mixed  sequences  until  subjects 
completed  two  consecutive  blocks  of  16  errorless  trials. 

The  subjects  were  further  subdivided  into  three  groups,  one  of  which 
was  tested  immediately  after  acquisition,  one  after  a  two-week  delay,  and 
one  after  a  four-week  delay.  During  testing,  subjects  were  required  to 
classify  each  pattern  and  then  indicate  whether  or  not  they  had  seen  it 
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during  the  preceding  acquisition  phase  {due  to  experimenter  error,  only  7 
of  12  subjects  in  the  immediate  testing  condition  received  recognition 
testing;  all  12  received  classification  testing).  As  before,  subjects  Mere 
required  to  guess  If  they  were  unsure  of  the  correct  response,  and  no 
corrective  feedback  was  provided. 


Insert  Table  5  about  here 


Results 

A  total  of  8.5  trial-blocks  were  required  for  category  acquisition: 
2.8,  2.3,  and  3.4  for  the  first,  second,  and  third  training  phases, 
respectively  (again  excluding  errorless  criterion  blocks).  As  before,  all 
subjects  successfully  reached  the  acquisition  criterion. 

The  classification  and  recognition  data  are  presented  in  Table  5. 

As  in  Experiment  2a,  there  was  no  apparent  effect  of  delayed  testing  on 
the  original /novel  difference  In  classification  accuracy.  An  analysis  of 
variance  Indicated  that  the  original/novel  difference  [F(l,33)  *  18.93,  p  < 
.001,  MSe  »  66.01]  and  the  effect  of  time-of-test  [F(2,33)  »  4.55,  £  <  .05, 
MSe  *  374.19]  were  significant,  but  the  original/novel  by  time-of-test 
interaction  was  not  significant  [F(2,33)  <  1.0,  MSe  ■  66.01] 

The  recognition  data  were  analyzed  by  converting  hits  and  false 
alarms  (for  the  novel  patterns)  into  d'  scores  for  each  subject.  Of  the 
31  subjects  receiving  the  recognition  test,  all  but  one  recognized  the 
previously  seen  exemplars  at  a  better  than  chance  rate.  Although  there 
was  some  tendency  for  d'  to  decline  with  delayed  testing,  this  trend  was 
not  significant  [F(2,28)  ■  2.27,  £>  .05,  MSe  »  0.35J.  The  recognition 
and  classification  data  provided  converging  evidence  that  subjects  retained 
information  specific  to  the  patterns  learned  during  category  acquisition 
(the  original  category  members).  For  immediate  testing,  classification 
accuracy  was  high  for  the  originals,  and  recognition  accuracy  (the  ability 
to  discriminate  the  originals  from  novel  category  members)  was  also 
relatively  high.  With  the  introduction  of  a  two-week  delay  between 
acquisition  and  testing,  classification  accuracy  for  the  original  patterns 
dropped  off  substantially,  and  recognition  accuracy  was  also  reduced.  A 
four-week  delay  brought  no  further  decrements  in  performance  for  either 
classification  or  recognition.  Classification  accuracy  remained  7%  to  9% 
lower  for  the  novel  than  the  original  patterns  at  all  delay  intervals 
between  acquisition  and  testing. 

Both  the  classification  and  recognition  data  for  the  central 
patterns  of  each  category  (determined  from  the  average  dot  location  for 
each  category  member  presented  during  acquisition)  were  very  similar  to 
the  data  obtained  for  other  category  members  (the  novels)  that  were  not 
presented  during  acquisition. 

Discussion 

The  results  were  consistent  with  those  of  Experiment  2a  in  providing 
evidence  for  the  long-term  retention  of  item-specific  Information,  in  this 


case  over  an  Interval  of  four  weeks.  Despite  the  fact  that  seven  of  the 
eight  dots  In  each  Set  I  category  member  were  in  the  same  relative 
location,  the  results  for  the  central  patterns  provided  no  evidence  that 
subjects'  category  representations  were  based  on  the  averaged  locations  of 
element-level  perceptual  units. 


Experiment  3b 

The  parsing  data  obtained  In  Experiment  1  indicated  that  the  Set  III 
categories  were  similar  to  the  Set  I  categories  with  regard  to  the 
conflgural  distinctiveness  of  individual  patterns.  Also,  members  of  the 
same  Set  III  categories,  like  members  of  the  same  Set  I  categories, 
resembled  each  other  at  the  part-level.  However,  the  similarity  data 
obtained  in  Experiment  1  indicated  that  these  resemblances  were  not  as 
strong  as  they  were  for  the  Set  I  categories.  Obtaining  the  typical 
original/novel  by  tlme-of-test  interaction  for  the  Set  III  categories 
would  support  the  hypothesis  that  both  conflgural  distinctiveness  and 
relatively  strong  part-level  resemblances  are  required  for  the  long-term 
retention  of  Information  specific  to  previously  learned  dot  patterns. 

Method 


Except  for  substituting  the  Set  III  for  the  Set  I  patterns,  the  design 
and  procedure  were  identical  to  that  of  Experiment  3a.  Thirty-six 
undergraduate  students  at  Florida  Atlantic  University  voluntarily 
participated  In  this  experiment. 

Results 


A  total  of  14.4  trial-blocks  were  required  for  category  acquisition: 
6.2,  5.2,  and  3.0  for  the  first,  second,  and  third  training  phases, 
respectively  (again,  excluding  errorless  training  blocks). 

The  classification  and  recognition  data  are  presented  In  Table  6. 

As  for  the  Set  II  patterns  in  Experiment  2b,  the  original/novel  difference 
in  classification  accuracy  decreased  with  increased  delay  between  category 
acquisition  and  classification  testing.  An  analysis  of  variance  Indicated 
that  whether  the  test  patterns  were  originals  or  novels  interacted  with 
tlme-of-test  in  affecting  percent  classification  accuracy  [F(2,33)  *  9.17, 
j>  <  .001,  MSe  ■  111.7 j.  Tests  of  simple  effects  indicated  that  the 
original/novel  difference  was  significant  when  classification  testing  took 
place  immediately  [F(l,33)  *  30.75,  d  <  .001,  MSe  »  111.7]  or  after  a 
two-week  delay  [F(l,33)  ■  14.00,  j)  <  .001,  MSe  ■  111.7],  but  was  not 
significant  after  a  four-week  delay  [F(l,33)  <  1.0,  MSe  *  111.7], 


Insert  Table  6  About  Here 


As  In  Experiment  3a,  the  recognition  data  were  analyzed  by 
converting  hits  and  false  alarms  Into  d'  scores  for  each  subject.  All  36 
subjects  participating  In  this  experiment  recognized  previously  seen 
patterns  at  a  better  than  chance  rate.  The  decrease  in  their  d1  scores 
with  Increased  delay  between  acquisition  and  testing  was  significant 


[F(2,33)  «  8.09,  £  <  .001,  MSe  «  .401],  The  recognition  data  were 
therefore  consistent  with  the  trend  of  the  classification  data;  the 
ability  to  discriminate  between  original  and  novel  category  members 
declined  with  Increasing  delay  between  acquisition  and  testing.  Although 
information  specific  to  the  patterns  learned  during  acquisition  was  not 
completely  forgotten  after  four  weeks  (recognition  performance  remained 
better  than  chance),  this  information  no  longer  Influenced  classification 
performance,  which  was  equivalent  for  the  originals  and  novels. 

The  results  obtained  for  the  central  patterns  were  difficult  to 
Interpret.  Classification  accuracy  for  the  central  patterns  was  comparable 
to  the  original  patterns  Immediately  after  acquisition  and  after  a  two-week 
delay.  After  a  four-week  delay.  It  was  greater  than  the  originals,  but  the 
difference  was  not  significant,  Jt(ll)  •  1.73,  £>  .05.  For  the  recognition 
data,  the  proportion  of  “yes"  responses  for  the  central  patterns  was 
intermediate  to  the  original  and  novel  category  members. 

Discussion 


The  classification  data  obtained  for  the  Set  III  categories  provided 
the  original/novel  by  time-of-test  Interaction  that  Is  typical  of  the 
previous  research  literature.  This  result  supported  the  hypothesis  that 
the  lack  of  strong  part-level  resemblances  would  Impede  the  long-term 
retention  of  Information  specific  to  previously  learned  patterns. 

General  Discussion 

Implicit  in  most  categorization  experiments  using  artificial  dot 
patterns  is  the  assumption  that  the  location  of  Individual  elements  Is  the 
appropriate  level  of  perceptual  analysis.  As  indicated  earlier,  this 
assumption  has  been  formalized  in  conjunction  with  Knapp  and  Anderson's 
(1984)  neural  summation  model.  However,  the  results  of  this  study 
indicated  that  perceptual  relations  among  dot  patterns  belonging  to  the 
same  category  are  not  adequately  represented  at  the  level  of  individual 
elements.  Despite  the  fact  that  seven  of  the  eight  dots  composing  the 
patterns  belonging  to  the  same  Set  I  category  were  in  the  exact  same 
relative  location,  similarity  Judgnents  obtained  In  Experiment  1  provided 
no  evidence  that  subjects  were  influenced  by  the  correspondence  of  element- 
level  perceptual  units.  Another  aspect  of  our  results  that  was  difficult 
to  reconcile  with  the  notion  that  category  relations  among  dot  patterns  are 
represented  at  the  level  of  individual  elements  Is  the  original/novel 
difference  In  classification  accuracy  for  the  Set  I  patterns. 

Classification  errors  might  occur  for  both  originals  and  novels  because  of 
difficulty  remembering  the  name  for  each  category,  but  with  seven  of  eight 
dots  in  the  same  relative  location,  category  representations  based  on 
element-level  perceptual  units  would  have  been  sufficiently  discriminate 
for  the  novels  to  be  classified  as  accurately  as  the  originals.  Our  final 
evidence  concerning  element-level  units  was  obtained  for  the  central 
patterns,  which  were  formed  by  averaging  the  locations  of  dots  for  patterns 
from  the  same  Set  I  categories.  If  subjects'  category  representations  were 
based  on  the  averaged  locations  of  element-level  perceptual  units,  as 
specified  in  models  like  Knapp  and  Anderson's  (1984),  classification 
performance  for  the  central  patterns  would  have  exceeded  that  obtained  for 
other  novel  members  of  the  Set  I  categories.  Also  consistent  with  this 
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conclusion  were  results  reported  by  Barresi,  Robbins,  and  Shain  (1975). 

Although  members  of  their  categories  were  generated  from  base  patterns  that 
were  likely  to  have  common  dots,  they  concluded  that  the  presence  of 
distinctive  higher-order  features  was  more  Important  than  the  presence  of 
common  dots  in  affecting  subjects'  ability  to  learn  the  categories. 

Rather  than  individual  elements,  the  representational  structure  of 
categories  comprising  dot  patterns  appears  to  be  based  on  pattern-parts 
and  pattern-configuration,  the  latter  being  determined  by  the  spatial 
arrangement  of  the  parts.  Support  for  this  view  comes  from  an  analysis  of  » 

the  perceptual  units  associated  with  the  long-term  retention  of  information  * 

specific  to  previously  learned  category  members.  Evidence  for  long-term 
retention  was  obtained  only  for  the  Set  I  categories;  the  absence  of  such 
evidence  for  the  Set  II  and  Set  III  categories  was  more  typical  of  the 
experimental  literature  based  on  artificial  categories.  These  results 
indicated  that  long-term  retention  requires  both  perceptual  distinctiveness 
at  the  level  of  pattern-configuration  and  perceptual  resemblance  at  the 
level  of  pattern-parts.  Both  were  present  for  the  Set  I  categories,  but 
the  patterns  belonging  to  the  Set  II  categories  lacked  configural 
distinctiveness  and  the  patterns  belonging  to  the  Set  III  categories  had 
relatively  weak  part-level  resemblances.  Why  are  both  configural 
distinctiveness  and  part-level  resemblance  necessary  for  the  long-term 
retention  of  item-specific  information?  One  possibility  is  that  configural 
distinctiveness  would  decrease  the  likelihood  that  memory  traces  of 
previously  learned  category  exemplars  would  become  indistinguishable  from 
each  other  as  information  in  the  traces  is  lost  over  time;  part-level 
resemblance  could  increase  the  retrievabil ity  of  these  memory  traces  by 
providing  organizational  "links"  among  them. 

The  results  of  this  study  therefore  indicated  that  the  long-term 
retention  of  information  specific  to  previously  learned  category  exemplars 
that  is  typical  of  natural  objects  can  also  be  obtained  for  artificial  dot 
patterns,  providing  their  structure  reflects  the  perceptual  characteristics 
that  Tversky  and  Hemenway  (1984)  identified  in  their  study  of  natural 
object  categories.  The  latter  argued  that  configural-level  information 
provides  individual  category  members  with  a  distinctive  identity,  and  part- 
level  information  provides  the  shared  attributes  that  are  the  basis  for 
determining  the  membership  of  objects  in  basic  level  categories.  The 
research  reported  In  this  paper  goes  a  step  further  in  suggesting  that 
part-level  attributes  may  also  contribute  to  the  introduction  of 
organizational  "links"  that  facilitate  the  retrieval  of  distinctive, 
item-specific  information. 

A  final  point  of  interest  concerns  the  consequences  of  visual 
similarity  for  category  structure.  It  Is  clear  from  our  own  data  that  the 
relative  difficulty  of  category  learning  increased  as  the  ratio  of 
with  in-category  to  between-category  similarity  decreased.  Hervis  and  Rosch 
(1981)  have  argued  previously  that  the  ratio  of  within-category  to  between- 
category  similarity  Is  maximized  at  the  basic  level  of  categorization. 

However,  the  results  of  this  study  suggest  that  similarity  may  not  be  a 
unitary  concept,  at  least  insofar  as  Us  affects  on  categorization  are 
concerned.  In  the  present  study,  we  found  that  the  absence  of  an 
original/novel  by  time-of-test  interaction  for  the  Set  I  patterns  was 
"bracketted"  by  significant  original/novel  by  time-of-test  interactions  for 
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categories  whose  within-category  similarity  was  greater  than  (Set  II)  and 
less  than  (Set  III)  that  of  Set  I  (between-category  similarity  was 
essentially  the  same  for  all  three  category  sets).  These  results  indicated 
that  the  ratio  of  within-category  to  between-category  similarity  could  not 
predict  whether  subjects  would  retain  item-specific  Information  over  long 
periods  of  time.  Long-term  retention  appears  to  require  both 
within-category  similarity  and  dissimilarity,  but  at  different  levels  of 
perceptual  structure. 
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Footnotes 

lour  criteria  for  determining  that  the  same  subunit  was  shared  by 
(i.e.,  over-lapped)  two  patterns  was  that  the  subunits  had  to  contain  the 
same  number  of  dots,  and  they  had  to  be  very  similar  in  their  relative 
location  within  each  pattern  (within  one  dot-diameter  for  the  Set  1  and 
Set  II  patterns;  within  1.5  dot -diameters  for  the  less  compact  Set  III 
patterns).  Detailed  analyses  indicated  that  these  relative-location 
criteria  maximized  the  correlation  between  similarity  judgments  and 
subunit-overlap  (part-level  resemblance)  for  pairs  of  patterns  drawn  from 
each  set. 

2The  responses  of  two  subjects  (in  the  concept-formation 
condition)  who  interchanged  the  verbal  labels  for  two  categories  were 
scored  as  if  the  correct  labels  had  been  used.  This  adjustment  of  the 
data  slightly  reduced  overall  error  rates,  but  had  little  effect  on 
original/novel  differences  in  classification  accuracy. 
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Table  1 

Experiment  1:  Mean  similarity  ratings,  wlthln-category  and 
between-category,  for  Sets  I,  tl,  and  III.  The  rating  scale  extended 
from  1  (Very  Dissimilar)  to  10  (Very  Similar). 


Set  I 

Set  II 

Set  III 

Within  Category 

6.7 

8.3 

5.2 

Between  Category 

3.4 

3.7 

3.7 

m 

I 
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Table  2 

Assignment  of  response  labels  to  visual  categories  for  concept-formation 
and  paired-associate  training  for  either  the  (1-4)  or  (5-8)  subset  of 
category  members. 


Concept-Formation  Training 


Category  Members 


Category 

1(5) 

2(6) 

3(7) 

4(8) 

A 

red 

red 

red 

red 

B 

green 

green 

green 

green 

C 

blue 

blue 

blue 

blue 

0 

yellow 

yellow 

yellow 

yellow 

Paired-Associate  Training 

Category  Members 

Category 

1(5) 

2(6) 

3(7) 

4(8) 

A 

red 

green 

blue 

yellow 

B 

Paris 

Rome 

London 

Madrid 

C 

penny 

nickel 

dime 

dol  1  ar 

D 

April 

June 

March 

August 

Table  3 


Experiment  2a:  Percent  classification  errors  for  the  Set  I  patterns 
following  acquisition  with  either  concept-formation  (CF)  or 
paired-associate  (PA)  training.  Classification  testing  occurred  either 
Immediately  or  after  a  two-week  delay. 


Tlme-of-Test 


Acquisition 

Immediate 

Delay 

CF 

Bases 

17.9 

17.9 

Training 

Originals 

4.5 

10.3 

Novels 

13.4 

18.8 

Novels  minus  Originals 

8.9 

8.5 

PA 

Bases 

12.5 

19.6 

Training 

Originals 

2.7 

4.5 

Novels 

9.4 

11.6 

Novels  minus  Originals 

6.7 

7.1 

mean 

Bases 

15.2 

18.8 

Originals 

3.6 

7.4 

Novels 

11.4 

15.2 

Novels  minus  Originals 

7.8 

7.8 

I 
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Table  4 

Experiment  2b:  Percent  classification  errors  for  the  Set  II  patterns 
following  category  acquisition  with  either  concept-formation  (CF)  or 
paired-associate  (PA)  training.  Classification  testing  occurred  either 
immediately  or  after  a  two-week  delay. 


Time-of-Test 


Acquisition 

Immediate 

Delay 

CF 

Bases 

1.8 

10.7 

Training 

Originals 

1.3 

8.0 

Novels 

4.5 

7.6 

Novels  minus  Originals 

3.2 

-.4 

PA 

Bases 

1.8 

0 

Training 

Originals 

0.4 

1.8 

Novels 

2.7 

2.7 

Novels  minus  Originals 

2.3 

.9 

mean 

Bases 

1.8 

5.4 

Originals 

.9 

4.9 

Novels 

3.6 

5.2 

Novels  minus  Originals 

2.7 

.3 

I  l 
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Table  5 

Experiment  3a:  Percent  classification  errors,  percent  “Yes"  recognition 
responses,  and  d'  scores  In  recognition  test  for  the  Set  I  patterns  when 
classification  and  recognition  testing  followed  Immediately,  two  weeks,  or 
four  weeks  after  acquisition  (concept-formation  training). 


Classification  Errors  "Yes"  Recognition  Responses 


Immed  iate 

2-Weeks 

4-Weeks 

Immediate 

2-Weeks 

4-Weeks 

Centrals 

16.7 

24.0 

27.1 

31.3 

66.7 

62.1 

Originals 

3.1 

17.2 

18.8 

75.8 

80.7 

77.3 

Novels 

12.0 

24.5 

27.6 

28.9 

55.7 

66.7 

Novels  minus 
Originals 

8.9 

7.3 

8.8 

- 

- 

d' 

• 

_ 

- 

1.37 

.87 

.88 

I 

I 


I 
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Table  6 

Experiment  3b:  Percent  classification  errors,  percent  "Yes"  recognition 
responses,  and  d*  scores  in  recognition  test  for  the  Set  III  patterns  when 
classification  and  recognition  testing  followed  immediately,  two  weeks,  or 
four  weeks  after  acquisition  (concept-formation  training). 


Classification 

Errors 

“Yes"  Recognition  Responses 

Immediate 

2-Weeks 

4 -Weeks 

Immediate 

2 -Weeks 

4-Weeks 

Centrals 

10.4 

33.3 

33.3 

62.5 

68.8 

60.4 

Originals 

9.4 

28.1 

46.9 

80.7 

81.8 

72.9 

Novels 

33.4 

44.3 

45.4 

23.4 

41.1 

49.5 

Novels  minus 
Originals 

9.1 

7.3 

8.8 

- 

- 

- 

d' 

- 

- 

1.76 

1.25 

0.72 

I  k 
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Figure  Captions 

1.  Four  base  patterns  and  members  of  the  Set  1  categories. 

2.  Procedure  for  generating  the  Set  I  category  members. 

3.  Four  base  patterns  and  members  of  the  Set  II  categories. 

4.  Procedure  for  generting  the  Set  II  category  members. 

5.  Four  base  patterns  Md  members  of  the  Set  III  categories. 

6.  Procedure  for  generating  the  Set  III  category  members. 
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•  • 


BASE  A  MEMBERS  OF  MEMBERS  OF  BASE  B 

CATEGORY  A  CATEGORY  B 


•  • 
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SECTION  3C 

Perceptual  Learning  in  Visual  Category  Acquisition 
Howard  S.  Hock,  Elizabeth  Webb,  and  L.  Clayton  Cavedo 

Abstract 

The  attribute  structure  of  a  set  of  dot  patterns  was  studied  by  having 
subjects  segment  (parse)  the  dots  of  each  pattern  into  parts  or  subunits. 
Subjects  identified  subunits  by  drawing  circles  around  groups  of  dots 
from  each  pattern.  These  parsing  data  were  obtained  for  subjects  who  had 
no  prior  experience  with  the  patterns,  and  for  subjects  who  had 
previously  learned  to  Identify  the  patterns  with  respect  to  their 
membership  in  one  of  four  categories.  Analyses  of  the  parsing  data 
indicated  that  category  learning  increased  the  salience  of  large  subunits 
that  were  similar  In  orientation  for  patterns  that  were  members  of  the 
same  category.  This  evidence  for  perceptual  learning  was  obtained  even 
when  the  category  training  procedure  required  learning  to  identify  the 
patterns  Individually,  suggesting  that  attribute  abstraction  and 
item-learning  are  not  Incompatible.  It  was  also  obtained  despite  a 
decrease  in  over-all  Intersubject  agreement.  The  latter  result  led  us  to 
question  the  usefulness  of  intersubject  agreement  as  an  Index  of  category 
knowl edge. 


One  of  the  strategies  available  to  subjects  learning  the  category 
membership  of  a  set  of  stimuli  Is  to  determine  the  attributes  that  are 
likely  to  be  shared  by  members  of  the  same  category  but  are  unlikely  to 
be  shared  by  members  of  contrasting  categories  (i.e.,  diagnostic 
attributes).  Brooks  (1978)  refers  to  this  strategy  as  analytic.  The 
relative  difficulty  of  analytic  category  learning  depends  on  how  readily 
shared/discriminative  attributes  can  be  abstracted  (1.e.t  tested  for 
diagnosticlty  independent  of  other  attributes). 

He  Mould  expect  most  subjects  to  begin  category  training 
analytically  by  testing  attributes  that  are  precategorically  salient  (a 
similar  assumption  Is  made  In  Fried  and  Holyoak's  [1984]  category  density 
model).  These  are  the  attributes  that  subjects  Mould  be  most  likely  to 
notice  and  remember  In  examining  the  stimuli  individually.  If  the 
precategorically  salient  attributes  are  not  diagnostic  of  category 
membership,  the  subject  has  the  option  of  persisting  in  an  analytic 
strategy  and  continuing  the  search  for  attributes  that  are  likely  to  be 
shared  by  members  of  the  same  category,  but  not  by  members  of  contrasting 
categories.  This  would  lead  the  subject  to  consider,  as  potentially 
diagnostic  of  category  membership,  attributes  that  Mere  not  the  most 
salient  prior  to  category  training.  Successful  category  learning  based 
on  searching  for  shared/discriminative  attributes  Mould  be  accompanied  by 
increases,  relative  to  precategorical  values.  In  the  salience  of 
attributes  shared  by  members  of  the  same  category  (an  alternative 
strategy  could  result  In  category  learning  Mlthout  changes  in  attribute 
salience;  Brooks  (1978)  and  Medin,  OeMey,  and  Murphy  (1983)  have 
demonstrated  that  under  certain  conditions,  subjects  will  forego  testing 
for  diagnostic  attributes  and  simply  learn  to  identify  stimuli  as 
individuals). 

An  analytic  strategy  was  also  implicit  in  Eleanor  Gibson's  (1969) 
assertion  that  perceptual  learning  involves  an  active  search  aimed  at  the 
discovery  of  attributes  that  discriminate  among  stimuli  that  are  to 
receive  different  responses.  As  for  category  learning,  analytic 
discrimination  learning  is  likely  to  begin  Mith  a  search  for  attributes 
that  Mould  be  highly  salient  independent  of  any  training.  The  search 
Mould  end  Mith  the  high-salience  attributes  if  they  proved  to  be 
distinctive  to  the  to-be-discriminated  stimuli.  Under  such 
circumstances,  it  Mould  be  difficult  to  empirically  demonstrate  that 
subjects  Mere  searching  for  or  discovering  anything.  Evidence  that 
perceptual  learning  involves  searching  for  and  discovering  discriminative 
attributes  Mould  be  more  readily  obtained  if  the  analytic  strategy 
persisted,  and  the  search  process  continued  beyond  testing  the  attributes 
that  were  most  salient  prior  to  training.  The  subject  would  then  have 
the  opportunity  to  discover  discriminative  attributes  that  had  been 
relatively  low  in  salience  prior  to  training. 

Previous  research  concerned  with  perceptual  learning  has  focussed  on 
learning  to  discriminate  among  stimuli  that  were  initially  difficult  to 
tell  apart.  At  Issue  In  this  earlier  research  was  whether  improvements 
in  discrimlnabillty  are  the  result  of  predifferentiating  individual 
stimuli  by  associating  different  responses  with  each,  as  argued  by  Ellis 
(1973),  or  whether  they  are  due  to  increases  In  the  percelver's 
sensitivity  to  distinctive  characteristics  of  the  stimuli,  as  argued  by 


Gibson  and  Gibson  (1955).  The  present  study  differs  from  these 
experiments,  which  were  concerned  with  increases  in  the  salience  of 
discriminative  attributes.  Instead,  it  is  concerned  with  perceptual 
learning  that  increases  the  salience  of  attributes  that  are  shared  by 
members  of  the  same  category. 

Evidence  consistent  with  the  hypothesis  that  category  learning  can 
increase  the  salience  of  attributes  shared  by  members  of  the  same 
category  has  been  obtained  by  Homa,  Rhoads,  and  Chambliss  (1979).  They 
found,  as  a  result  of  category  learning,  that  pairs  of  stimuli  belonging 
to  the  sane  category  Increased  in  judged  similarity,  whereas  pairs  of 
stimuli  belonging  to  contrasting  categories  decreased  in  judged 
similarity.  However,  Homa,  et  al.'s  (1979)  study  provided  only  indirect 
evidence  for  perceptual  learning;  since  they  were  not  concerned  with 
perceptual  learning,  there  was  no  attempt  to  identify  specific  attributes 
that  increased  In  salience  as  a  result  of  category  learning.  Also 
consistent  with  the  hypothesis  that  category  learning  can  increase  the 
salience  of  attributes  shared  by  members  of  the  same  category  are  the 
results  of  experiments  reported  by  Medin  and  Smith  (1981)  and  Medin, 
Dewey,  and  Murphy  (1983).  In  these  experiments,  changes  In  attribute 
salience  were  indicated  by  differences  in  the  parameter  values  that 
provided  the  best  fit  of  Medin  and  Schaffer's  (1978)  computational 
formula  to  their  categorization  data.  Since  different  training 
procedures  resulted  in  different  parameter  values,  it  could  be  Inferred 
that  at  least  one  of  the  training  procedures  changed  the  salience  of  the 
attributes  relative  to  their  precategorical  values.  However,  since  Medin 
and  his  colleagues  were  not  concerned  with  perceptual  learning,  they  did 
not  assess  the  precategorical  salience  of  the  attributes.  Thus,  the 
relative  salience  of  the  attributes  they  tested  may  have  changed  as  a 
result  of  category  learning,  but  there  was  no  way  of  determining  whether 
the  change  constituted  an  increase  in  salience  without  having  also 
assessed  the  precategorical  salience  of  the  attributes. 

Although  the  issue  is  fundamental  to  any  theory  of  categorization, 
there  is  to  our  knowledge  no  published  evidence  that  reports  a  direct 
test  of  whether  perceptual  learning,  in  the  form  of  increased  salience  of 
attributes  shared  by  members  of  the  same  category,  can  occur  as  a 
consequence  of  category  learning.  The  outcome  of  such  an  experiment  is 
by  no  means  obvious.  In  order  to  observe  an  Increase  In  the  salience  of 
shared  attributes,  it  is  necessary  to  begin  with  a  set  of  stimuli  for 
which  attention  to  precategorical ly  salient  attributes  is  not  a 
sufficient  basis  for  successful  category  acquisition.  Having  done  so, 
there  Is  no  guarantee  that  there  will  be  an  increase,  relative  to 
precategorical  values.  In  the  salience  of  attributes  shared  by  members  of 
the  same  category.  As  Indicated  earlier,  subjects  may  test  hypotheses 
regarding  the  attributes  that  are  precategorical ly  salient,  and  nrfien  that 
falls,  adopt  an  Item-learning  strategy  Instead  of  searching  for 
nonobvious,  diagnostic  attributes  (Brooks,  1978). 

Since  previous  research  has  indicated  that  the  nature  of  the 
training  procedure  can  Influence  whether  subjects  abstract  diagnostic 
attributes  during  category  learning  (Brooks,  1978;  Medin,  et  al.,  1983), 
two  different  acquisition  procedures  were  used  in  Experiment  1:  concept- 
formation  and  paired-associate  training.  The  procedures  differed  in  that 
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only  the  latter  required  learning  to  discriminate  among  members  of  the 
same  category.  We  were  Interested  in  whether  perceptual  learning  (l.e.. 
Increased  salience  of  attributes  shared  by  members  of  the  same  category) 
would  occur  with  a  training  procedure  that  emphasized  an  Item-learning 
strategy  by  requiring  subjects  to  learn  Items  as  Individuals 
(paired-associate  training;  each  pattern  received  a  different  name),  as 
well  as  a  training  procedure  that  emphasized  an  analytic  strategy  by 
Instructing  subjects  to  look  for  relations  among  the  patterns  that  were 
relevant  to  their  category  membership  (concept -format ion  training;  each 
pattern  received  the  same  name).  We  included  classification  and 
recognition  tests  following  category  training  in  order  to  evaluate 
performance  differences  that  might  be  obtained  for  the  two  training 
procedures. 


Experiment  1 

The  stimuli  used  In  this  experiment  were  dot  patterns.  The 
attribute  structures  of  these  patterns  were  examined  by  having  subjects 
segment  the  patterns  Into  subunits  (parts)  by  drawing  circles  around 
groups  of  dots  within  each  pattern.  The  parsing  procedure  we  used  was 
similar  to  procedures  used  previously  by  Banks  and  Prinzmetal  (1976)  and 
Palmer  (1977).  The  ability  of  the  latter  Investigators  to  predict 
performance  In  various  tasks  on  the  basis  of  how  their  stimuli  were 
segmented  into  parts  indicated  that  the  parsing  procedure  successfully 
reflects  important  aspects  of  a  stimulus'  attribute  structure. 
Furthermore,  Tversky  and  Hemenway  (1984)  have  shown  that  the  identifiable 
parts  of  an  object  are  critical  to  the  representation  of  basic  level 
categories  for  natural  objects.  These  studies  demonstrate  that  the 
constituent  parts  of  a  visual  stimulus  are  empirically  and  "ecologically" 
valid  units  of  analysis. 

The  stimulus  attributes  that  were  relevant  to  our  study  of 
perceptual  learning  were  the  characteristics  of  the  parts  into  which  the 
patterns  were  parsed.  The  particular  characteristics  we  examined  were 
the  number  of  dots  constituting  each  part,  the  shape  of  each  part,  and 
the  orientation  of  each  part. 

The  general  design  of  the  experiment  was  to  compare  how  dot  patterns 
were  parsed  into  subunits  for  three  groups  of  subjects.  One  group  had  no 
category  training,  one  group  received  concept-formation  training,  and  one 
group  received  paired- associate  training.  It  was  hypothesized  that 
attributes  that  were  common  to  patterns  which  were  potential  members  of 
the  same  category  (as  measured  In  the  no-training  condition)  would 
increase  in  salience  when  subjects  learned  to  categorize  the  patterns  (as 
measured  in  the  two  training  conditions).  In  order  to  show  that 
Increases  In  the  salience  of  attributes  shared  by  members  of  the  same 
category  did  not  occur  by  chance  (if  an  attribute  becomes  more  salient. 
Its  likelihood  of  re-appearing  In  the  parsing  data  for  many  different 
patterns  would  also  increase),  we  contrasted  the  salience  of  attributes 
common  to  patterns  drawn  from  the  same  category  with  the  salience  of 
attributes  common  to  sets  of  patterns  drawn  from  different  categories. 

Our  method  of  computing  common- attribute  salience  involved  a  version  of 
Hedin  and  Schaffer's  (1978)  multiplicative  combination  rule.  We  first 
measured  the  salience  of  an  attribute  as  It  appeared  In  each  pattern  by 
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counting  the  number  of  subjects  who  circled  the  pattern-part  when  they 
parsed  the  pattern.  We  then  determined  the  common- attribute  salience  for 
a  set  of  patterns  (i.e.,  how  strongly  they  resembled  each  other  on  the 
basis  of  tills  attribute)  by  computing  the  product  of  the  salience  values 
for  all  the  patterns  in  the  set. 

Method 

Subjects.  A  total  of  192  subjects  provided  the  data  for  this 
experiment:  64  were  in  the  no-training  condition,  64  received 
concept-formation  training,  and  64  received  paired-associate  training. 
Some  of  the  64  subjects  in  the  no-training  condition  were  tested  in  large 
groups  (they  were  not  paid),  others  were  tested  individually  (they 
received  $2.00).  The  128  subjects  in  the  two  training  conditions  were 
tested  individually  and  paid  $2.00  per  hour  for  their  participation  in  an 
experimental  session  lasting  between  one  and  one-and-a-half  hours.  All 
subjects  were  undergraduate  students  at  Florida  Atlantic  University. 

Their  participation  was  voluntary.  They  had  no  previous  experience  with 
the  patterns  or  foreknowledge  that  the  research  was  concerned  with 
category  learning. 


Insert  Figures  1  and  2  About  Here 


Stimuli.  Dot  patterns  were  defined  as  belonging  to  the  same 
category  if they  were  generated  from  the  same  base  pattern  by  the  same 
generation  procedure.  The  four  base  patterns  used  to  generate  the 
categories  are  presented  in  the  top  row  of  Figure  1,  Each  base  pattern 
comprised  eight  dots  whose  locations  were  defined  by  positions  on  an 
imaginary  11  x  11  grid.  The  spacing  between  grid  lines  was  equal  to  one 
dot-diameter,  resulting  In  patterns  that  were  relatively  compact. 

Category  members  were  generated  from  the  base  patterns  by  partitioning 
the  eight  dots  composing  each  base  pattern  into  two  groups  of  three  dots 
and  one  group  of  two  dots.  The  dots  within  each  group  were  then  moved 
one  space  in  the  same  direction,  but  the  different  groups  were  each  moved 
in  different  directions.  Each  pattern  generated  in  this  way  involved  a 
different  partition  of  the  base  pattern's  eight  dots  into  groups  of 
three,  three,  and  two,  and  a  different  pattern  of  movement-direction  for 
the  three  groups.  The  set  of  eight  patterns  generated  for  each  base 
pattern  Is  presented  in  Figure  1.  The  procedure  for  generating  the 
patterns  Is  Illustrated  in  Figure  2.  For  descriptive  convenience,  each 
category  will  be  identified  by  a  letter  (A,  8,  C,  or  0)  and  each  member 
of  a  category  by  a  number  (1  through  8).  Subset  (1-4)  of  each  category 
comprised  Patterns  1,  2,  3,  and  4;  subset  (5-8)  of  each  category 
comprised  Patterns  5,  6,  7,  and  8. 

Ratings  of  similarity  for  all  the  pairwise  combinations  (wlthin- 
category  and  between-category)  of  Patterns  1,  2,  7,  and  8  of  each 
category  were  obtained  from  six  subjects  who  did  not  participate  in  any 
other  aspect  of  the  experiment.  Their  ratings  indicated  that  patterns 
belonging  to  the  same  category  resembled  each  other  only  slightly  more 
than  patterns  belonging  to  different  categories.  On  a  scale  of  one 
(least  similar)  to  ten  (most  similar),  the  mean  ratings  were  6.6  for 


pairs  of  patterns  from  the  same  category  and  5.1  for  pairs  of  patterns 
from  different  categories. 

Design.  As  Indicated  earlier,  there  were  three  groups  of  subjects 
In  the  experiment.  The  group  assigned  to  the  no-training  condition  had 
no  experience  with  the  patterns  prior  to  parsing  them  into  subunits;  the 
parsing  data  constituted  their  only  contribution  to  the  experiment. 

Since  these  subjects  had  no  Idea  that  the  patterns  they  saw  belonged  to 
categories,  their  data  reflected  attributes  that  were  salient  independent 
of  the  category  membership  of  the  patterns.  Subjects  in  the  two  training 
conditions  participated  in  an  experimental  session  with  three  phases:  1) 
category  learning  (with  either  concept -format ion  or  paired- associate 
training),  2)  classificatlon/recoanitfon  testing  for  previously  learned 
and  novel  category  members,  and  3)  parsing  four  patterns,  each  from  a 
different  category,  into  their  constituent  subunits. 

For  each  of  the  two  training  conditions,  half  the  subjects  learned 
to  identify  the  patterns  in  subset  (1-4)  of  each  category,  and  half 
learned  to  identify  the  patterns  in  subset  (5-8)  of  each  category. 
Classification/recognition  testing  was  introduced  immediately  after 
acquisition.  Thirty-six  patterns  were  presented:  16  were  the  original 
exemplar  patterns  that  had  been  presented  numerous  times  during 
acquisition,  16  were  novel  category  members  that  had  not  been  seen 
before,  and  4  were  the  base  patterns  that  also  had  not  been  seen  before. 
If  subset  (1-4)  comprised  the  originals  during  acquisition,  subset  (5-8) 
comprised  the  novels  during  classif ication/retognitlon  testing,  and  vice 
versa.  The  36  patterns  were  presented  to  subjects  in  one  of  two  random 
sequences.  Matching  sequences  were  provided  for  the  counterbalancing  of 
the  (1-4)  and  (5-8)  subsets  as  originals  and  novels.  Half  the  subjects 
received  only  recognition  testing,  the  other  half  received  a  combination 
of  classification  and  recognition  testing  (the  purpose  of  this  contrast 
is  unrelated  to  this  paper). 

Following  classification/recognition  testing,  subjects  in  the 
training  conditions  parsed  four  patterns  that  were  not  members  of  the 
acquisition  set.  The  post-training  parsing  data  were  obtained  for  novel 
category  members  In  order  to  strengthen  the  conclusion  that  changes  in 
attribute  salience  as  a  result  of  category  learning  would  reflect  the 
structure  of  the  categories  rather  than  attributes  specific  to  previously 
learned  patterns.  If  subjects  had  been  trained  with  subset  (1-4)  of  each 
category  during  the  acquisition  phase  of  the  experiment,  they 
subsequently  parsed  Patterns  A7,  B7,  C7,  and  07  (in  counterbalanced 
order),  or  Patterns  A8,  B8,  C8,  and  08  (also  in  counterbalanced  order). 

If  they  had  been  trained  with  subset  (5-8)  of  each  category,  they 
subsequently  parsed  Patterns  Al,  Bl,  Cl,  and  Dl,  or  Patterns  A2,  82,  C2, 
and  02  (again  in  counterbalanced  order).  To  Insure  that  the  patterns 
were  properly  categorized  during  the  parsing  phase,  the  appropriate 
category  label  was  typed  above  each  of  the  to-be-parsed  patterns  (red, 
green,  blue,  and  yellow  for  the  subjects  who  had  received 
concept-formation  training;  city,  color,  month,  and  money  for  the 
subjects  who  had  received  paired-associate  training).  These  labels  were 
not  provided  for  subjects  in  the  no-training  condition. 


Sixteen  subjects  provided  the  parsing  data  for  each  of  the  four 
packets  of  patterns  (A1B1C1D1,  A2B2C2D2,  A7B7C7D7,  and  A8B8C8D8), 
resulting  in  a  total  of  64  subjects  in  the  no-training  and  64  subjects  in 
each  of  the  two  training  conditions  (concept -format ion  and 
paired- associate  training).  Subjects  in  both  training  conditions  were 
assigned  to  one  of  eight  subgroups  defined  by  the  orthogonal  combination 
of  parsing  set  (A1B1C1D1,  A2B2C202,  A7B7C7D7,  or  A8B8C808)  and 
intervening  testing  procedure  (recognition  or  classification  * 
recognition).  Eight  subjects  were  assigned  to  each  of  these  eight 
subgroups. 

Procedure.  Ouring  the  acquisition  phase  of  the  experiment,  black  on 
white  slides  of  the  dot  patterns  were  back-projected,  via  a  random-access 
projector,  onto  a  translucent  screen.  The  size  of  the  patterns  on  the 
screen  was  2.5  cm  x  2.5  cm.  They  were  viewed  from  a  distance  of 
approximately  114  cm,  thereby  Intercepting  a  visual  angle  of  1.3  deg. 
Subjects  receiving  concept-formation  training  learned  the  same  verbal 
label  for  each  member  of  the  category  (see  Table  1).  They  were  told  that 
they  would  be  seeing  16  dot  patterns,  each  of  which  belonged  to  one  of 
four  groups,  and  were  Instructed  to  look  for  relations  among  the  patterns 
that  would  allow  them  to  learn  which  patterns  belonged  In  each  group.  In 
pal red- assoc late  training,  subjects  learned  different  verbal  labels  for 
each  pattern  (see  Table  1).  However,  the  names  for  members  of  the  same 
visual  category  belonged  to  the  same  semantic  category.  The  labels  for 
Category  A  were  all  names  of  colors.  Category  B  names  of  cities.  Category 
C  names  for  money,  and  Category  D  names  of  months.  Subjects  receiving 
paired- associate  training  did  not  receive  any  instruction  directing  them 
to  look  for  relations  among  the  patterns  (although  the  semantic 
similarity  of  the  response  labels  for  members  of  the  same  category  could 
have  had  the  same  effect). 


Insert  Table  1  About  Here 


Acquisition  began  with  subjects  being  shown  16  exemplar  patterns  in 
random  order.  One  group  was  trained  with  the  (1-4)  subset  of  each 
category,  the  other  with  the  (5-8)  subset  of  each  category.  The 
experimenter  provided  the  label  for  each  pattern  orally  during  this 
initial  presentation.  Subsequent  blocks  of  16  trials  were  presented  In 
one  of  five  random  sequences.  The  order  of  these  trial -block-sequences 
was  varied  from  subject  to  subject.  Subjects  were  given  up  to  10  seconds 
to  verbally  Identify  each  pattern,  at  which  point  they  were  required  to 
make  their  best  guess.  Corrective  feedback  was  provided  following 
Incorrect  responses.  The  acquisition  phase  proceeded  In  this  manner  until 
two  consecutive  blocks  of  16  trials  were  completed  without  error. 

Classification/recognit Jon  testing  followed  immediately  after 
category  training.  Subjects  were  told  that  they  would  be  seeing  some  old 
patterns  and  some  new  ones  they  hadn't  seen  before,  and  that  the  patterns 
belonged  to  the  same  groups  that  they  had  already  learned.  Those 
receiving  only  recognition  testing  were  required  to  indicate  whether  or 
not  they  had  previously  seen  each  pattern.  Those  receiving  a  combination, 
of  classification  and  recognition  testing  had  to  first  categorize  each 
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test  pattern  and  then  indicate  whether  or  not  they  had  seen  it  before 
(they  were  provided  with  the  appropriate  category  names  on  an  index  card) 
Each  pattern  was  presented,  again  with  a  random-access  slide  projector, 
for  as  long  a  period  of  time  as  subjects  needed  to  respond.  They  were 
required  to  guess  if  they  were  unsure  of  the  correct  response(s).  No 
corrective  feedback  was  provided. 

Ouring  the  parsing  phase,  each  subject  was  given  a  single  booklet 
comprising  four  14  cm  x  20  cm  sheets  of  white  paper.  The  four  patterns 
parsed  by  each  subject  came  from  different  categories  in  order  to  avoid 
the  possibility  that  subjects  would  feel  constrained  to  repeat  parsings 
should  they  recognize  a  pattern  as  similar  to  a  previously  parsed  pattern. 
One  pattern  (2.5  cm  x  2.5  cm)  was  presented  on  each  sheet. 

Parsing  instructions.  Subjects  were  instructed  to  draw  circles 
around  the  dots  (n  each  pattern  to  form  three  clusters  (the  number  of 
clusters  was  restricted  so  that  each  subject's  data  would  have  equal 
weight  in  determining  the  perceptual  subunits  for  each  pattern).  Subjects 
who  parsed  the  patterns  after  either  concept-formation  or  paired-associate 
training  were  told  that  their  clusters  should  reflect  the  ways  in  which 
each  pattern  resembled  other  members  of  Its  category.  Subjects  in  the 
no-training  condition  were  told  that  their  clusters  should  reflect  their 
perception  of  the  natural  groupings  of  dots  within  the  pattern.  For  both 
the  no-training  and  training  conditions,  the  clusters  subjects  formed 
could  overlap,  and  one  cluster  could  be  contained  within  another.  Every 
dot  had  to  appear  In  at  least  one  circle,  even  if  it  appeared  alone,  and 
no  circle  could  surround  all  the  dots  in  the  pattern. 

Parsing  analysis.  The  perceptual  subunits  (i.e.,  the  pattern-parts) 
circled  by  subjects  in  parsing  each  pattern  were  analyzed  in  the  same  way 
for  subjects  in  the  no-training  and  training  conditions.  Each 
subject-selected  subunit  was  coded  according  to  salience,  number, 
orientation,  shape,  and  location.  These  attributes  were  not  considered 
exhaustive  of  all  reasonable  possibilities. 

The  salience  for  each  subunit  (part)  was  determined  by  the  frequency 
with  which  the  subunit  was  circled.  Number  refers  to  the  number  of  dots 
within  the  subunit  (from  one  through  seven).  Based  on  our  assumption  that 
it  would  be  a  psychologically  important  attribute  only  when  the  subunit 
was  relatively  large,  the  orientation  of  the  subunit  was  coded  only  when 
the  two  most  distant  dots  were  separated  by  a  distance  of  at  least  six 
dot-diameters  (which  was  more  than  half  of  every  pattern's  height  and 
width).  The  orientation,  expressed  in  degrees,  was  computed  from  the 
slope  of  the  line  defined  by  the  two  most  distant  dots  in  the  subunit. 

The  alternative  shape  codes  used  to  describe  each  subunit  Included  the 
following:  linear  (vertical,  horizontal,  left-diagonal,  and  right- 
diagonal),  triangular  (obtuse,  acute,  and  right),  parallelogram, 
rectangular,  and  "Y"  shaped  arrangements.  The  location  code  for  each 
subunit  was  determined  as  follows:  1)  the  centroid  was  computed  for  the 
pattern  comprising  the  subunit;  this  was  the  average  x,y  location  of  the 
eight  dots  composing  the  pattern,  and  2)  the  relative  location  of  each 
subunit  within  Its  pattern  was  computed  as  the  average  x,y  distance. of  the 
dots  composing  the  subunit  from  the  centroid  of  the  entire  pattern. 
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Our  analysis  of  common-attribute  salience  Involved  selecting 
different  sets  of  four  patterns  (sane  from  the  same  category,  some  from 
different  categories),  and  determining  whether  there  was  an  attribute- 
match  among  the  subunits  of  each  of  the  four  patterns.  This  was  done 
Independently  for  the  attributes  of  number,  orientation,  and  shape;  when 
subunits  of  different  patterns  were  compared  for  one  of  these  attributes, 
the  values  of  the  other  attributes  were  Ignored.  Matches  based  on  number 
were  obtained  when  there  were  four  subunits,  one  In  each  of  the  four 
patterns,  that  had  the  same  number  of  dots.  Matches  based  on  orientation 
were  obtained  when  there  were  four  subunits,  one  In  each  of  the  four 
patterns,  that  had  orientations  within  45  deg  of  each  other.  Matches 
based  on  shape  were  obtained  when  there  were  four  subunits,  one  in  each  of 
the  four  patterns,  that  had  the  same  shape  code. 

The  location  of  subunits  within  each  pattern  introduced  the  problem 
of  criterion.  For  example,  if  each  pattern  In  a  set  of  four  patterns  had 
a  subunit  with  the  same  shape,  how  close  in  location  would  the  subunits 
have  to  be  in  order  to  be  considered  as  matching?  Our  solution  to  this 
problem  was  to  systematically  vary  the  criterion  used  to  determine  whether 
matching  subunits  in  a  set  of  patterns  were  In  the  same  relative  location 
within  their  respective  patterns.  Thus,  the  presence  of  matching  subunits 
was  tested  when  the  subunits  had  to  differ  in  relative  location  by  less 
than  one  dot-diameter,  by  less  than  two  dot -diameters,  and  so  on.  In  order 
to  be  considered  as  matching  in  either  number,  orientation,  or  shape. 

When  subunit  matches  were  obtained  for  one  of  these  attributes,  and  the 
four  matching  subunits  were  in  the  same  relative  location  within  their 
patterns  (based  on  the  relative-location  criterion),  common-attribute 
salience  was  computed  by  multiplying  the  frequency  with  which  each  of  the 
four  matching  subunits  was  circled  when  subjects  parsed  the  four 
patterns.  For  example,  if  four  of  the  patterns  belonging  to  Category  A 
(Patterns  1,  2,  7,  and  8)  had  a  rectangular  subunit  at  the  same  relative 
location,  the  salience  of  this  common  attribute  was  determined  by 
computing  the  product  of  how  frequently  the  subunit  was  circled  for  each 
pattern  (fj  x  f£  x  f7  x  fg).  Since  the  same  four  patterns  could 
have  another  shape  in  common  (e.g.,  subunits  forming  right  triangles),  the 
total  comnon- attribute  salience  for  the  attribute  of  shape  was  the  sum  of 
the  frequency-products  for  each  shape  that  was  coronon  to  all  four 
patterns.  Finally,  the  fourth  root  of  the  summed  frequency-products  was 
computed  in  order  to  place  the  computation  of  conmon-attribute  salience  on 
a  scale  that  would  reflect  the  relative  salience  of  the  matching  subunits 
within  each  of  their  patterns  (the  maximun  value  for  each  subunit,  16, 
would  be  obtained  if  the  subunit  common  to  all  four  patterns  was  circled 
by  all  16  subjects  for  each  of  the  patterns). 

The  above  analysis  was  performed  for  eight  sets  of  four  patterns. 

The  analysis  for  the  first  four  sets,  A1A2A7A8,  B1B2B7B8,  C1C2C7C8,  and 
01020708,  assessed  common-attribute  salience  for  patterns  belonging  to  the 
same  category  (recall  that  each  subject  parsed  only  one  pattern  from  each 
of  the  four  categories).  The  analysis  for  the  second  four  sets,  A1B2C708, 
A2B7C801,  A788C1D2,  and  A8B1C2D7,  assessed  common- attribute  salience  for 
patterns  belonging  to  different  categories.  The  latter  four  sets  of 
patterns  represent  only  a  sample  of  all  possible  between-category 
combinations.  In  selecting  this  sample,  we  avoided  between-category 
combinations  corresponding  to  the  packets  of  four  patterns  presented  to 
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subjects  In  the  parsing  task  (A1B1C1D1,  A2B2C2D2,  A7B7C7D7,  and  A8B8C808). 

For  each  attribute  tested,  Me  contrasted  with In-category  and  between- 
category  common- attribute  salience  for  the  no-training,  concept-formation 
training,  and  paired- assoc late  training  conditions. 2 

Results 

A  nunber  of  different  data  analyses  are  reported  In  this  section. 

The  primary  analysis  is  of  the  parsing  data,  which  provides  our  basic 
evidence  for  the  effect  of  category  learning  on  the  salience  of  attributes  * 

shared  by  patterns  belonging  to  the  same  category.  Preceding  the  analysis  « 

of  the  parsing  data  are  analyses  of  acquisition  rates,  post-acquisition 
recognition  accuracy,  and  post-acquisition  classification  accuracy. 


Insert  Figure  3  About  Here 


Acquisition.  All  128  subjects  in  the  training  conditions  reached  our 
criterion  of  two  errorless  blocks  of  16  trials.  Subjects  receiving 
concept-formation  and  paired-associate  training  required  an  average  of 
14.4  and  8.0  trial-blocks  (excluding  the  two  errorless  criterion  blocks), 
respectively,  to  reach  the  acquisition  criterion.  The  advantage  of 
paired-associate  training  was  statistically  significant  [t(IZ6)  ■  5.46,  £ 
<  .001].  We  also  compared  the  two  training  conditions  with  regard  to  the 
proportion  of  errors  within  each  block  of  16  trials.  In  order  to  control 
for  differences  in  response  confusability  in  the  two  training  conditions 
(there  were  16  different  responses  in  the  paired- associate  condition, 
compared  with  4  in  the  concept-formation  condition),  the  paired-associate 
data  were  scored  only  for  between-category  acquisition  errors  (e.g.,  if  a 
subject  responded  "nickel"  to  a  pattern  that  should  have  been  called 
"dime,"  they  were  told  that  their  response  was  wrong,  but  we  subsequently 
scored  it  as  correct).  The  mean  error  percentage  rates  per  trial  block 
(all  between-category  errors)  for  the  two  training  conditions  are 
presented  in  Figure  3.  An  analysis  of  variance  based  on  the  first  10 
trial-blocks  indicated  that  fewer  errors  were  made  in  paired-associate 
compared  with  concept-formation  training  [F(l,126)  *  506.54,  £  <  .001,  MSe 
*  1568. 87J.  The  significant  interaction  between  training  procedure  and 
trial-block  [F(9,1134)  *  7.04,  £  <  .001,  MSe  »  114.84]  reflected  the 
emergence  of  the  paired-associate  advantage  in  category  learning  after  the 
first  block  of  acquisition  trials.  Because  the  two  training  procedures 
differed  with  regard  to  the  need  for  Individual  item  learning,  it  could 
be  concluded  that  the  paired-associate  advantage  resulted  from  enhanced 
Item  learning.  The  proportion  of  all  errors  during  paired-associate 
training  that  were  within  the  same  category  (e.g.,  calling  a  pattern 
"Rome"  when  the  correct  response  was  "Madrid")  started  at  29*  for  the 
first  block  of  trials,  and  gradually  Increased  as  practice  proceeded. 

This  rate  of  within-category  errors  was  consistently  higher  than  the  20* 
rate  that  would  have  occurred  strictly  by  chance. 


Insert  Table  2  About  Here 
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Classification/recognition  testing.  The  results  of  this  testing 
phase,  which  was  interposed  between  the  training  and  parsing  phases  of  the 
experiment,  are  summarized  in  Table  2.  The  recognition  data  were  analyzed 
by  converting  hits  and  false  alarms  into  d1  scores  for  each  subject.  All 
128  subjects  receiving  the  recognition  test  discriminated  novel  category 
members  from  previously  seen  category  exemplars  at  a  better  than  chance 
rate.  A  comparison  of  the  two  training  procedures  Indicated  that  d' 
scores  (based  on  false  alarms  for  the  novel  patterns)  were  significantly 
better  for  subjects  receiving  paired-associate  training  (mean  *  2.9) 
compared  with  subjects  receiving  concept-formation  training  (mean  ■  2.5), 
[t(126)  *  3.35,  p  <  .002].  Subjects  receiving  paired- assoc late  training 
also  made  significantly  fewer  false  recognition  responses  on  the  base 
patterns  than  subjects  receiving  concept-formation  training  [t(126)  * 

3.54,  £  <  .001].  It  should  be  noted  that  superior  recognition  performance 
was  obtained  for  the  paired-associate  condition  even  though  subjects  in 
the  paired-associate  condition  received  fewer  exposures  to  the  original 
(exemplar)  patterns  during  training  than  subjects  in  the  concept -formation 
condition. 

The  classification  data  were  very  similar  for  the  concept-formation 
and  paired-associate  conditions.  An  analysis  of  variance  on  percent 
classification  errors  indicated  that  the  original/novel  difference  was 
significant  [F (1,62)  ■  202.95,  2  <  *001.  MSe  »  130.85],  but  the  effect  of 
training  procedure  [F(l,62)  <  1.0,  MSe  *  187.49]  and  the  interaction 
between  pattern  type  (original/novel)  and  training  procedure  [F(l,62)  < 
1.0,  MSe  *  130.85]  were  not  significant.  Although  classification  accuracy 
was  much  lower  for  the  novel  than  the  original  category  members,  subjects’ 
classification  of  the  novels  (33. 1%  error  rate)  was  nonetheless  much 
better  than  chance  ( 7536  error  rate).  All  64  subjects  classified  the 
novels  at  better  than  chance  rate.  The  significance  of  these  data  is  that 
when  subjects  went  on  to  the  parsing  phase  of  the  experiment,  their 
ability  to  categorize  the  novel  patterns  was  very  similar  following 
concept-formation  and  paired-associate  training. 

Parsing.  Our  initial  examination  of  the  parsing  data  was  concerned 
with  the  extent  to  which  there  was  agreement  regarding  the  subunits 
circled  by  each  subject.  We  assessed  intersubject  agreement  by  counting 
the  number  of  different  subunits  circled  by  all  16  subjects  parsing  each 
pattern  and  comparing  this  to  the  number  of  different  subunits  that  would 
have  been  circled  had  there  been  no  agreement  among  the  subjects  (3  x  16  * 
48).  If  all  subjects  were  in  complete  agreement,  the  same  three  subunits 
would  have  been  circled  by  each  subject,  giving  an  agreement  factor  of 
3/48  *  .06;  no  agreement  would  be  indicated  by  an  agreement  factor  of 
48/48  ■  1.00.  We  found  that  category  learning  resulted  in  decreased 
levels  of  intersubject  agreement  relative  to  the  no-training  condition. 

The  agreement  factor  was  .35  for  subjects  In  the  no-training  condition, 

.45  for  subjects  receiving  concept-formation  training,  and  .46  for 
subjects  receiving  paired-associate  training.  The  increase  in 
intersubject  variability  was  consistently  observed  for  all  16  patterns 
that  were  tested;  a  reversal  was  obtained  for  only  one  pattern,  and  then 
only  following  concept-formation  training. 

As  indicated  in  the  Method  section,  our  criterion  for  determining 
whether  a  subunit  was  large  enough  for  its  orientation  to  be  a 
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psychologically  Important  variable  was  that  the  two  most  distant  dots  in 
the  subunit  were  separated  by  at  least  six  dot-diameters  (more  than  half 
the  height  and  width  of  every  pattern).  In  comparing  the  parsing  data  for 
the  no-training  and  training  conditions,  we  found  that  large  subunits  were 
more  salient  for  subjects  in  the  training  conditions  compared  with 
subjects  in  the  no-training  conditions.  The  percentage  of  subunits  that 
were  large  by  this  criterion  were  19.0*,  30.9%,  and  31.0%,  for  the 
no-training,  concept-formation,  and  paired- associate  conditions, 
respectively.  With  individual  patterns  serving  as  the  random  variable,  an 
analysis  of  variance  indicated  that  the  effect  of  training  procedure 
(no-training,  concept-formation  training,  paired-associate  training)  on 
the  percentage  of  large  subunits  in  a  pattern  was  significant  [F(2,24)  * 
15.70,  j)  <  .001,  MSe  ■  48.22],  and  further,  that  the  interaction  between 
the  training  procedure  and  the  category  to  which  the  patterns  belonged 
(A,B,C,0)  was  not  significant  [F(6,24)  <  1.0,  MSe  *  48.22],  That  is,  the 
effect  of  training  procedure  on  subunit  size  was  similar  for  all  four 
categories  used  in  the  experiment.  Newman-Keuls  comparisons  indicated 
that  the  physical  size  of  subjects'  subunits  was  significantly  larger 
following  either  concept-formation  or  paired-associate  training  compared 
to  the  no-training  condition,  j>  <  .05.3 


Insert  Figure  4  About  Here 


In  addition  to  increasing  the  salience  of  large  subunits,  category 
learning  increased  the  likelihood  that  patterns  belonging  to  the  same 
category  would  share  large  subunits  that  were  similar  in  orientation.  The 
latter  was  assessed  in  terms  of  "common-attribute  salience."  The 
computation  of  orientational  common- attribute  salience  for  a  set  of 
patterns  required  that  all  the  patterns  in  the  set  contain  large  subunits 
with  orientations  within  45  deg  of  each  other.  The  computations  were 
performed  for  sets  of  four  patterns  (e.g.,  A1A2A7A8)  from  the  same 
category,  and  sets  of  four  patterns  (e.g.,  A1B2C7D8)  from  different 
categories  (see  Method  section  for  details).  As  can  be  seen  in  Figure  4, 
common- attribute  salience  increased  in  all  conditions  as  the  relative- 
location  criterion  was  relaxed.  The  looser  relative-location  criteria 
allowed  more  subunits  to  be  considered  as  matching  than  the  more  stringent 
criteria.  Figure  4  also  indicates  that  common-attribute  salience 
Increased,  relative  to  the  no-training  condition,  as  a  result  of  both 
concept-formation  and  paired-associate  training.  Increases  were  observed 
for  sets  of  four  patterns  from  the  same  category  (within-category)  as  well 
as  sets  of  four  patterns  from  different  categories  (between-category). 

The  Increase  in  between-category  common-attribute  salience  as  a  result  of 
category  learning  could  be  attributed  to  the  increased  prevalence  of  large 
subunits,  vrtiich  Increased  the  likelihood  of  large  subunits  of  similar 
orientation  occurring  by  chance.  Most  importantly,  common-attribute 
sal ience  for  patterns  from  the  same  category  was  greater  than  the 
baseline/chance  level  observed  for  patterns  from  different  categories  for 
subjects  in  the  two  training  conditions,  but  there  was  no  difference  from 
baseline  for  subjects  in  the  no-training  condition.4 

An  analysis  of  variance  was  performed  in  which  the  random  variable  was 
the  set  of  four  patterns  analyzed  for  orientational  common- attribute 


salience.  There  were  four  sets  of  four  patterns  In  the  withln-category 
condition  (A1A2A7A8,  81B2B7B8,  etc.)  and  four  sets  of  four  patterns  In  the 
between-categ  )ry  condition  (A1B2C7D8,  A287C8D1,  etc.).  The  analysis  of 
common-attribute  salience  Indicated  that  the  Interaction  between  training 
procedure  (no-training,  concept-formation  training,  paired-associate 
training)  and  the  type  of  pattern  set  (wlthin-category  vs.  between- 
category)  was  significant  [F(2,18)  *  16.38,  2  <  .001,  MSe  ■  5.18].  This 
interaction  was  not  significantly  affected  by  the  relative-location 
criterion  used  to  determine  whether  there  were  matching  subunits  within 
each  set  of  four  patterns  tested.  That  is,  the  three-way  Interaction 
between  training  procedure,  type  of  pattern  set,  and  relative-location 
criterion  was  not  significant  LF(16,144)  <  1.0,  MSe  *  0.23 j.  Tests  of 
simple  effects  Indicated  that  the  effect  of  type  of  pattern  set  (within- 
category  vs.  between-category)  on  common- attribute  salience  was 
significant  following  concept-formation  training  [F(l,18)  ■  15.11,  £  < 
.002,  MSe  a  5.18],  and  was  also  significant  following  paired-associate 
training  [F(l,18)  ■  10.13,  £  <  .02,  MSe  ■  5.18],  but  was  not  significant 
in  the  no-training  condition  [F(l,18)  <  1.0,  MSe  ■  5.18].  Finally,  the 
overall  effect  of  training  procedure  on  common-attribute  salience  was 
significant  [F(2,18)  ■  22.42,  £<  .001,  MSe  *  5.18],  with  subsequent 
Newman-Keuls  comparisons  Indicating  that  common-attribute  salience  was  not 
statistically  different  in  the  concept-formation  and  paired-associate 
conditions,  £  >  .05,  and  also,  that  both  training  conditions  resulted  in 
higher  levels  of  common- attribute  salience  than  the  no-training  condition, 
£  <  .05. 

Discussion 

Although  large  subunits  increased  in  salience  as  a  result  of  category 
learning  (relative  to  the  no-training  condition),  we  did  not  consider  this 
sufficient  evidence  for  perceptual  learning.  The  increased  salience  of 
large  subunits  could  have  been  due  to  a  general  learning  strategy  elicited 
by  our  category  training  procedures;  there  may  have  been  a  bias  to 
emphasize  large  pattern-parts.  Stronger  evidence  for  perceptual  learning 
would  be  obtained  if  it  could  be  demonstrated  that  increases  in  attribute 
salience  were  specific  to  the  pattern  Information  acquired  during  category 
training.  Our  primary  evidence  for  perceptual  learning  was  therefore 
based  on  the  orientational  similarity  of  subunits  (parts)  of  patterns 
belonging  to  the  same  category.  As  a  result  of  category  training,  we 
obtained  an  increase  in  the  salience  of  large  subunits  that  were  similar 
in  orientation  for  patterns  belonging  to  the  same  category  (a  comparable 
increase  was  not  obtained  for  patterns  belonging  to  different  categories). 
In  concluding  that  we  have  evidence  for  perceptual  learning,  we  are  not 
arguing  that  subjects'  perception  of  the  natural  grouping  of  elements  in  a 
pattern  has  changed.  Rather,  our  claim  is  that  we  have  detected  an 
attribute,  common  to  members  of  the  same  category,  whose  likelihood  of 
being  noticed  increased  as  a  result  of  category  learning. 

Experiment  2 

A  possible  limitation  in  interpreting  the  results  of  Experiment  I 
concerned  the  no-training  condition.  In  contrast  to  subjects  in  the 
concept-formation  and  paired-associate  conditions,  subjects  in  the  no- 
training  condition  parsed  the  patterns  without  knowing  that  they  were 
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potentially  members  of  contrasting  categories;  they  were  told  that  the 
pattern-parts  they  circled  should  reflect  their  perception  of  natural 
groupings  of  dots  within  each  pattern.  Our  objective  in  choosing  the 
instructions  for  the  no-training  condition  was  to  assess  attribute 
salience  when  each  pattern  was  treated  as  an  individual,  independent  of 
its  relationship  with  any  other  pattern.  It  could  be  argued,  however, 
that  the  way  subjects  parsed  the  patterns  in  this  condition  was  peculiar 
to  our  instruction  concerning  “natural  groupings  of  dots,"  and  had  nothing 
to  do  with  their  lack  of  knowledge  (or  training)  concerning  the  category 
membership  of  the  patterns.  That  Is,  the  no-training  parsing  data  might 
not  have  differed  from  the  post-training  parsing  data  If  we  had  Instructed 
our  no-training  subjects  differently. 

In  this  experiment,  subjects  again  parsed  the  patterns  without 
knowing  that  they  were  members  of  different  categories  (recall  that  each 
subject  parsed  only  four  patterns,  one  from  each  of  the  four  categories). 
However,  in  contrast  with  the  no-training  condition  of  Experiment  1, 
subjects  were  Instructed  to  circle  groups  of  dots  In  each  pattern  that 
made  the  four  patterns  In  each  packet  look  different  from  each  other. 5 
In  this  way,  the  Instructions  focussed  on  a  potentially  important  aspect 
of  the  relationship  among  our  patterns,  the  attributes  that  could 
potentially  discriminate  among  member  of  contrasting  categories,  but 
without  Introducing  the  extensive  category  training  provided  by  the  two 
post-training  conditions  of  Experiment  1.  We  measured  the  level  of 
intersubject  agreement,  determined  the  salience  of  large  subunits,  and 
assessed  orientational  common-attribute  salience  for  sets  of  four  patterns 
from  the  same  category  and  sets  of  four  patterns  from  different 
categories. 

Method 

The  patterns  used  in  this  experiment  were  identical  to  those  used  in 
the  parsing  phase  of  Experiment  1.  The  packets  of  four  patterns  given  to 
subjects  and  the  general  instructions  regarding  parsing  the  patterns  into 
clusters  were  the  same  as  in  Experiment  1.  The  only  difference  in 
procedure  compared  with  the  no-training  condition  of  Experiment  1 
concerned  the  instructions.  As  indicated  above,  subjects  were  instructed 
to  circle  groups  of  dots  in  each  pattern  that  made  the  four  patterns  in 
each  packet  look  different  from  each  other.  They  were  told  to  examine  all 
the  patterns  before  beginning  to  circle  groups  of  dots  for  the  first 
pattern  in  the  packet.  Sixty-four  subjects,  all  tested  in  large  groups, 
provided  the  data  for  this  experiment.  All  were  undergraduate  students  at 
Florida  Atlantic  University  who  had  no  previous  experience  with  the 
patterns  or  foreknowledge  that  the  research  was  concerned  with  category 
learning. 


Insert  Figure  5  about  here 


Results 

Intersubject  agreement  was  similar  to  that  observed  for  the  training 
conditions  of  Experiment  1  (.44  in  this  experiment  compared  with  .45  and 


.46  for  the  concept-formation  and  pal red- assoc late  conditions  of 
Experiment  1).  The  salience  of  large  subunits  was  similar  to  that 
obtained  In  the  no-training  condition  of  Experiment  1;  21. 2%  of  the 
subunits  were  relatively  large,  compared  with  19.0%  in  the  no-training 
condition  of  Experiment  1.  Over-all  levels  of  orientational  common- 
attribute  salience  were  greater  than  the  levels  observed  for  the 
no-training  condition  of  Experiment  1,  but  there  was  no  difference  in 
common-attribute  salience  for  sets  of  patterns  from  the  same  category  and 
sets  of  patterns  from  different  categories  (see  Figure  5).  An  analysis  of 
variance  indicated  the  type  of  pattern  set  (within-category  vs. 
between-category)  did  not  significantly  affect  cannon- attribute  salience 
(F(l,6)  <  1.0,  MSe  *  4.94].  Furthermore,  this  result  was  not  influenced 
by  the  relative-location  criterion;  the  interaction  between  the  type  of 
pattern  set  and  the  value  of  the  relative-location  criterion  was  not 
significant  [F(8,48)  <  1.0,  MSe  -  0.22]. 

Discussion 


Although  large  subunits  were  no  more  salient  in  this  experiment  than 
in  the  no-training  condition  of  Experiment  1,  over-all  levels  of 
orientational  common -attribute  salience  were  greater  in  this  experiment 
(i.e.,  the  large  subunits  were  more  likely  to  be  similar  in  orientation). 
However,  the  absence  of  a  difference  in  common-attribute  salience  for  sets 
of  patterns  front  the  same  category  and  sets  of  patterns  from  different 
categories  Indicated  that  the  relatively  high  level  of  common- attribute 
salience  (compared  with  the  no-training  condition  of  Experiment  1)  was  not 
meaningfully  related  to  the  category  structure  of  the  patterns.  We  could 
conclude,  therefore,  that  the  results  obtained  in  the  no-training 
condition  of  Experiment  1  did  not  depend  on  our  use  of  instructions  that 
treated  each  pattern  as  an  individual,  independent  of  its  relationship 
with  any  other  pattern.  Even  with  Instructions  emphasizing  the 
relationship  among  the  four  patterns  being  parsed  (the  differences  among 
them),  there  was  no  indication  that  the  orientation  of  large  subunits  was 
a  precategorically  salient  attribute  that  was  more  likely  to  be  shared  by 
members  of  the  same  category  compared  with  members  of  different 
categories. 

Experiment  2  was  similar  to  the  no-training  condition  of  Experiment  1 
in  that  every  subject  parsed  four  patterns,  one  from  four  different 
categories.  The  difference  from  the  first  experiment  was  in  the 
instructions  given  to  subjects  prior  to  parsing  the  patterns.  In 
Experiment  3,  which  follows,  subjects  again  parsed  four  patterns,  but  now 
each  pattern  belonged  to  the  same  category.  This  allowed  us  to  use 
instructions  similar  to  the  parsing  Instructions  that  were  used  following 
category  training  In  Experiment  I.  That  Is,  subjects  were  told  that  their 
clusters  should  reflect  ways  in  which  the  four  patterns  were  similar  to 
each  other  (subjects  in  the  training  conditions  of  Experiment  1  had 
actually  learned  the  categories  and  were  therefore  instructed  to  form 
their  clusters  to  reflect  ways  In  which  each  pattern  resembled  other 
members  of  its  category).  The  instructions  for  Experiment  3  therefore 
focussed  on  another  potentially  important  aspect  of  the  relationship  among 
the  patterns,  the  attributes  that  were  potentially  shared  by  members  of 
the  same  category,  again  without  introducing  the  extensive  category 
training  provided  by  the  two  post-training  conditions  of  Experiment  l. 


Experiment  3 


Method 

The  patterns  used  In  this  experiment  were  identical  to  those  used  in 
the  previous  experiments.  However  in  this  experiment,  the  packets  of  four 
patterns  given  to  subjects  all  came  from  the  same  category.  There  were 
16  packets  comprising  patterns  A1A2A7A8,  16  comprising  patterns  B1B2B7B8, 
16  comprising  patterns  C1C2C7C8,  and  16  comprising  patterns  D1D2D708.  The 
four  patterns  in  each  set  were  presented  in  four  different,  counter¬ 
balanced  orders.  As  indicated  above,  subjects  were  instructed  to  circle 
groups  of  dots  In  each  pattern  that  made  the  four  patterns  in  each  packet 
look  similar  to  each  other.  They  were  told  to  examine  all  the  patterns 
before  beginning  to  circle  groups  of  dots  for  the  first  pattern  in  the 
packet.  Sixty-four  subjects,  all  tested  in  large  groups,  provided  the 
data  for  this  experiment.  All  were  undergraduate  students  at  Florida 
Atlantic  University  who  had  no  previous  experience  with  the  patterns  or 
foreknowledge  that  the  research  was  concerned  with  category  learning. 


Insert  Figure  6  about  here 


Results 


The  parsing  data  indicated  that  the  level  of  agreement  regarding  the 
subunits  circled  by  each  subject  (the  agreement  factor  was  .41)  was 
Intermediate  to  the  agreement  factors  obtained  in  the  no-training  and 
training  conditions  of  Experiment  1.  The  salience  of  large  subunits  was 
again  similar  to  that  obtained  in  the  no-training  condition  of  Experiment 
1;  21. 7%  of  the  subunits  were  relatively  large,  compared  with  19. OX  in  the 
no-training  condition  of  Experiment  1.  Despite  the  relatively  low 
salience  of  large  subunits,  over-all  levels  of  orientational  conrnon- 
attribute  salience  were  similar  to  those  obtained  for  the  training 
conditions  of  Experiment  1,  and  conmon- attribute  salience  was  greater  for 
sets  of  patterns  from  the  same  category  compared  with  sets  of  patterns 
from  different  categories  (see  Figure  6).  This  difference,  however, 
depended  entirely  on  the  common-attribute  salience  obtained  for  patterns 
from  one  of  the  four  categories  (Category  C).  Excluding  the  latter,  there 
was  no  difference  In  common-attribute  salience  for  patterns  from  the  same 
and  different  categories.  The  absence  of  reliability  across  items  was 
reflected  in  the  analysis  of  variance,  which  indicated  that  the  type  of 
pattern  set  fur  which  attribute-matches  were  obtained  (within-category  vs. 
between-category)  did  not  significantly  affect  common -attribute  salience 
[F(l,6)  •  1.34,  £  >  .05,  MSe  *  20.10].  This  result  was  not  significantly 
Influenced  by  the  relative-location  criterion;  the  interaction  between  the 
type  of  pattern  set  and  the  value  of  the  relative-location  criterion  was 
not  significant  [F(8,48)  <  1.0,  MSe  »  0.55]. 

Discussion 


i  Large  subunits  were  no  more  salient  in  this  experiment  than  in 
Experiment  2  -or  the  no-training  condition  of  Experiment  1.  Over-all 
levels  of  orientational  conroon- attribute  salience  were  again  relatively 
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large  compared  with  the  no-training  condition  of  Experiment  1,  but 
orientational  common- attribute  salience  for  patterns  from  the  same 
category  was  not  reliably  greater  than  the  baseline/ chance  level  observed 
for  patterns  from  different  categories.  It  was  not  surprising  that  the 
analysis  of  common-attribute  salience  yielded  results  that  resembled 
(though  unreliably)  those  obtained  for  the  training  conditions  of 
Experiment  I.  By  providing  each  subject  with  four  patterns  from  the  same 
category,  and  asking  them  to  look  for  similarities  among  them,  we  were  in 
effect  providing  them  with  an  opportunity  to  learn  something  about  the 
categories.  Nonetheless,  large  subunits  remained  relatively  low  in 
salience  and  similarities  in  subunit  orientation  appeared  to  be  noticed 
only  for  patterns  from  one  category. 

Me  have  therefore  supplemented  the  no-training  condition  of 
Experiment  1  with  two  conditions  in  which  subjects  were  instructed  to 
emphasize  relationships  among  the  four  patterns  that  they  parsed;  one 
condition  emphasized  differences  among  potential  members  of  contrasting 
categories  (Experiment  2),  the  other  similarities  among  potential  members 
of  the  same  category  (Experiment  3).  Both  of  these  relationships  were 
relevant  to  analytic  category  learning,  which  requires  the  abstraction  of 
attributes  that  are  more  likely  to  be  shared  by  members  of  the  same 
category  (similarities)  than  members  of  contrasting  categories 
(differences).  The  results  of  these  experiments  therefore  Indicated  that 
large  subunits  (pattern-parts)  were  not  precategorically  salient,  and 
there  was  no  precategorical  disposition  for  the  orientation  of  large 
subunits  to  be  more  similar  for  sets  of  patterns  that  were  to  become 
members  of  the  same  category  compared  with  sets  of  patterns  that  were  to 
become  members  of  different  categories.  Me  can  conclude,  therefore,  that 
the  category  learning  provided  by  the  concept-formation  and 
paired-associate  training  procedures  of  Experiment  1  was  responsible  for 
the  increased  salience  of  large  subunits  that  were  similar  in  orientation 
for  patterns  belonging  to  the  same  category. 

General  Discussion 

Our  perceptual  learning  hypothesis  was  framed  in  conjunction  with  an 
analytic  category  learning  strategy,  which  emphasizes  the  search  for 
attributes  that  are  diagnostic  of  category  membership  (Brooks,  1978). 
Evidence  for  perceptual  learning  was  obtained  under  training  conditions 
that  emphasized  analytic  category  learning  (the  concept-formation 
condition),  but  was  also  obtained  under  training  conditions  vrfuch  appear  to 
have  Induced  an  item-learning  strategy  (the  paired-associate  condition). 
Evidence  for  the  latter  came  from  an  examination  of  the  acquisition  and 
classification/recognition  data  for  the  two  training  conditions  of 
Experiment  1. 

The  acquisition  data  indicated  that  paired-associate  training 
resulted  in  faster  category  learning  than  concept-formation  training, 
despite  the  former  having  a  more  complex  stimulus-response  mapping  than 
the  latter.  This  result  was  consistent  with  previous  research  indicating 
that  when  stimuli  belonging  to  the  same  category  are  sufficiently 
dissimilar,  acquisition  can  benefit  from  a  training  procedure  that 
requires  learning  the  stimuli  as  individual  items  (Brooks,  1978;  Medin  et 
al.,  1983).  Better  recognition  accuracy  (original/novel  discrimination) 
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following  paired-associate  compared  with  concept-formation  training 
provided  further  evidence  that  the  former  was  more  facilitatlve  of  item 
learning.  Despite  these  differences,  subjects  in  the  two  training 
conditions  were  alike  with  regard  to  their  ability  to  classify  previously 
seen  and  novel  category  members.  They  were  also  alike  with  regard  to 
their  parsing  of  the  patterns.  For  both  training  procedures,  patterns 
belonging  to  the  same  category  increased  in  their  tendency  to  share  large 
subunits  that  were  similar  in  orientation  (relative  to  the  no-training 
condition).  Evidence  for  the  abstraction  of  shared  attributes  was 
therefore  obtained  in  both  training  conditions,  even  though  subjects 
appear  to  have  adopted  an  item-learning  strategy  in  the  pal red- assoc late 
condition. 

Although  Brooks  (1978)  characterized  abstractive  strategies  as 
analytic  and  item-learning  strategies  as  nonanalytic  (and  presunably 
nonabstractive) ,  the  results  obtained  in  the  paired-associate  condition 
indicate  that  the  abstraction  of  attributes  shared  by  members  of  the  sane 
category  is  not  empirically  incompatible  with  item-learning.  In  another 
study.  Hock,  Tromley,  and  Polmann  (1986)  argued  that  the  long-term 
retention  of  previously  learned  category  exemplars  may  be  functionally 
dependent  on  the  abstraction  of  shared  attributes;  attributes  shared  by 
members  of  the  same  category  could  facilitate  the  retention  of  individual 
patterns  by  providing  organizational  "links"  among  the  memory 
representations  corresponding  to  the  previously  seen  category  members. 
Also,  Hock,  Smith,  Escoffery,  and  Bates  (1986)  found  that  superficial 
pattern  details  that  might  be  expected  to  be  encoded  in  a  nonanalytic, 
pictorial  format,  are  abstracted  from  patterns  in  the  same  way  as 
attributes  shared  by  patterns  belonging  to  the  same  category. 

The  results  of  these  experiments,  together  with  those  of  the  present 
study,  suggest  that  category  learning  might  always  be  analytic.  The 
category  learner  may  abstract  attributes  shared  by  members  of  the  same 
category  and/or  attributes  that  are  unique  to  particular  category  members. 
Differences  in  with in-category  and  between-category  similarity,  as  well  as 
differences  in  training  procedure,  could  influence  the  extent  to  which  the 
category  learner  abstracts  shared  vs.  Item-specific  attributes.6 
Furthermore,  both  the  shared  and  distinctive  attributes  could  be  stored  in 
exemplar  format  (as  argued  by  Med  in  and  Schaffer,  1978),  or  the  shared 
attributes  could  be  stored  in  separate,  central  representations  (as 
maintained  by  investigators  going  back  to  Bartlett,  1932).  In  either 
case,  the  information  retained  would  be  In  the  form  of  abstracted 
attributes. 

Our  concluding  discussion  concerns  the  issue  of  Intersubject 
agreement.  The  results  of  the  present  study  indicate  that  perceptual 
learning  took  place  in  the  absence  of  increases  In  intersubject  agreement. 
This  result  is  of  interest  because  levels  of  intersubject  agreement  on  the 
attributes  that  characterize  various  objects  or  concepts  has  emerged  in 
the  literature  as  an  important  empirical  Index  of  category  knowledge 
(Rosch  fc  Mervis,  1975;  Rosch,  Mervis,  Gray,  Johnson,  &  Boyes-Bream,  1976; 
Tversky  &  Hemenway,  1983,  1984;  Murphy  &  Wright,  1984;  Rifkin,  1985). 
Murphy  and  Wright's  (1984)  paper  is  particularly  relevant  to  the  present 
study.  They  report  the  results" of  an  attribute-listing  experiment  for 
three  diagnostic  categories  of  childhood  adjustment  problems;  subjects 
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were  required  to  provide  verbal  lists  of  the  attributes  of  each  adjustment 
problem.  Instead  of  studying  the  acquisition  of  these  categories,  they 
compared  the  attribute  listings  generated  by  Individuals  with  varying 
levels  of  real-world  expertise  (ranging  from  supervisors  in  a  residential 
treatment  program  to  students  In  undergraduate  psychology  courses). 

Murphy  and  Wright  (1984)  found  that  Intersubject  agreement  on  the 
characterisic  attributes  of  these  disorders  increased  with  higher  levels 
of  expertise,  but  the  extent  to  which  these  attributes  differentiated 
among  the  three  categories  actually  decreased  with  expertise. 

Murphy  and  Wright's  (1984)  results  suggest  that  there  may  be  a 
problem  with  the  assunption,  Implicit  In  experiments  using  the  attribute¬ 
listing  technique,  that  intersubject  agreement  Is  the  hallmark  of  category 
knowledge.  Central  to  this  assumption  Is  the  expectation  that  category 
learning  should  result  In  Increased  Intersubject  agreement  concerning  the 
attributes  that  are  diagnostic  of  category  membership.  However,  Murphy 
and  Wright  (1984)  found  that  increased  Intersubject  agreement  was  not 
accompanied  by  Increased  salience  of  attributes  that  discriminate  among 
contrasting  categories,  and  we  have  found  In  the  present  study  that  an 
increase  In  the  salience  of  attributes  shared  by  members  of  the  same 
category  was  obtained  without  an  Increase  In  intersubject  agreement. 

A  critical  factor  affecting  changes  in  Intersubject  agreement  as  a 
result  of  training  may  be  the  number  of  attributes  that  are  potentially 
diagnostic  of  category  membership.  If  intersubject  agreement  Is  to 
increase  as  a  result  of  category  learning,  then  the  number  of  potentially 
diagnostic  attributes  for  the  category  must  be  relatively  small.  The 
larger  the  number  of  potentially  diagnostic  attributes  for  category 
learners  to  choose  among,  the  greater  the  likelihood  that  they  will 
disagree  regarding  the  particular  attributes  they  select  as  diagnostic  of 
category  membership.  For  the  dot  patterns  used  in  the  present  study,  the 
number  of  attributes  that  were  potentially  diagnostic  of  category 
membership  was  likely  to  have  been  quite  large.  Each  dot,  each  pair  of 
dots,  triplets,  etc.,  and  the  relations  among  them,  could  ultimately 
generate  a  vast  number  of  attributes,  many  of  which  could  have  been 
diagnostic  of  category  membership.  The  presence  of  so  many  alternatives 
would  make  it  unlikely  that  category  learners  would  select  the  same 
attributes  in  learning  the  categories.  Consequently,  their  level  of 
intersubject  agreement  did  not  Increase,  and  may  have  decreased  as  a 
result  of  category  learning. 

Despite  the  general  disagreement  among  subjects,  we  obtained  evidence 
that  category  learning  resulted  in  patterns  belonging  to  the  same  category 
sharing  parts  that  were  similar  in  orientation.  This  evidence  was  a 
consequence  of  there  being  at  least  some  agreement  among  subjects.  It  was 
not  logically  necessary  for  there  to  have  been  any  agreement;  each  subject 
could  conceivably  have  discovered  unique  attributes  that  were  shared  by 
members  of  the  same  category.  From  the  point  of  view  of  our  research 
effort,  we  were  fortunate  that  there  was  some  agreement  that  emerged 
despite  the  tendency  toward  increased  intersubject  variability;  otherwise 
we  wouldn't  have  detected  the  presence  of  perceptual  learning.  We  were 
likewise  fortunate  to  have  analyzed  subunit-orientation;  otherwise  we 
wouldn't  have  hit  upon  the  shared  attribute  discovered  by  some  of  our 
subjects. 


In  conclusion,  it  would  be  reasonable  to  ask  why  investigators, 
beginning  with  Rosch  and  Mervis  (1975),  have  been  so  successful  at 
obtaining  high  levels  of  intersubject  agreement  regarding  the  attributes 
of  objects,  concepts,  scenes,  and  events.  It  may  be  that  levels  of 
intersubject  agreement  in  these  studies  have  been  overestimated  because  of 
the  verbal  listing  technique  these  investigators  used  to  identify  the 
attributes.  We  argued  previously  that  the  level  of  intersubject  agreement 
regarding  the  attributes  of  a  stimulus  depends  on  the  number  of  attributes 
that  were  potentially  diagnostic  of  category  membership  prior  to  category 
learning.  A  second,  related  factor  concerns  the  extent  to  which  the 
measurement  technique  constrains  what  subjects  can  indicate  about  a 
stimulus'  attributes.  While  all  measurement  techniques,  including  our 
own,  are  to  some  extent  constraining,  the  verbal  listing  technique  may  be 
excessively  constraining  in  that  it  restricts  the  subjects  to  Identifying 
attributes  which  lend  themselves  to  brief  verbal  description.  As  a 
result,  the  nunber  of  alternative  attributes  that  are  verbally  associated 
with  an  object,  concept,  scene,  or  event  will  be  relatively  small,  and  the 
potential  for  intersubject  agreement  is  enhanced.  Whether  subjects  agree 
or  not  may  tell  us  more  about  the  constraints  inherent  in  the  attribute- 
identification  technique  than  it  tells  us  about  their  category  knowledge. 
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Footnotes 


*We  are  grateful  to  John  Jonides  for  his  valuable  suggestions 
concerning  the  methodology  used  to  establish  the  relative  location  of 
matching  subunits  in  different  patterns.  The  location  of  each  subunit 
was  determined  relative  to  the  centroid  of  its  pattern  in  order  to 
provide  a  frame  of  reference  that  would  adjust  Itself  to  differences  in 
the  distribution  of  dots  within  each  pattern. 

2we  thank  Michael  Li lie  for  writing  the  computer  program  used  to 
analyze  for  common-attribute  salience  in  subjects'  parsing  data. 

3In  addition  to  being  physically  larger,  the  subunits  circled  by 
subjects  following  category  training  tended  to  Incorporate  more  dots 
than  was  the  case  in  the  no-training  condition.  Whereas  the  percentage 
of  subunits  with  one  or  two  dots  remained  virtually  constant  at  30%,  the 
percentage  of  subunits  with  four  to  seven  dots  Increased  from  27%  in  the 
no-training  condition  to  31%  and  36%  in  the  concept-formation  and 
paired- assoc late  conditions,  respectively.  The  average  number  of  dots 
In  each  subunit  was  relevant  to  our  measurement  of  Intersubject 
agreement  because  it  affects  the  chance  rate  of  agreement;  Increases  in 
the  number  of  dots  per  subunit  reduce  the  number  of  alternative  ways  in 
which  a  pattern  can  be  parsed  into  three  subunits  (this  Is  the  case 
regardless  of  whether  the  subunits  overlap,  as  they  could  in  all 
conditions).  Although  this  would  have  biased  our  results  toward  greater 
intersubject  agreement  for  the  training  conditions,  we  found  that 
intersubject  agreement  decreased  rather  than  increased  as  a  result  of 
training. 

^Similar  analyses  of  two  other  attributes,  the  number  of  dots  in 
each  subunit  and  the  shape  of  each  subunit,  indicated  that  changes  in 
common-attribute  salience  as  a  result  of  category  learning  were  no 
different  for  sets  of  four  patterns  drawn  from  the  same  category  and 
sets  of  four  patterns  drawn  from  different  categories. 

^We  considered  making  the  instructions  more  parallel  to  those 
used  in  the  training  conditions  of  Experiment  1  by  telling  subjects  that 
the  patterns  belonged  to  different  categories.  We  decided  not  to  do  so 
because  introducing  the  idea  of  category  membership  would  have  required 
instructional  elaborations  that  might  have  distracted  subjects  from  the 
main  purpose  of  the  experiment.  Similar  considerations  influenced  the 
choice  of  instructions  for  Experiment  3. 

®Medin,  et  al.  (1978),  using  a  paired- associate  procedure 
somewhat  different  from  the  one  used  in  Experiment  1,  have  reported  a 
case  In  which  learning  to  identify  Individual  category  members  was 
inconsistent  with  the  abstraction  of  shared  attributes.  The  use  of  a 
wide  variety  of  training  techniques  and  stimulus  materials  would  be 
required  in  order  to  fully  map  the  relationship  between  the  abstraction 
of  shared  and  item-specific  attributes. 
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Table  1 

Assignment  of  response  labels  to  visual  categories  for  concept-formation 
and  paired-associate  training  with  either  the  (1-4)  or  (5-8)  subset  of 
category  members. 


Concept-Formation  Training 


Category  Members 


Category 

1(5) 

2(6) 

3(7) 

4(8) 

A 

red 

red 

red 

red 

B 

green 

green 

green 

green 

C 

blue 

blue 

blue 

blue 

D 

yellow 

yellow 

yel low 

yel low 

Paired-Associate 

Training 

Category  Members 

Category 

1(5) 

2(6) 

3(7) 

4(8) 

A 

red 

green 

blue 

yel low 

B 

Paris 

Rome 

London 

Madrid 

C 

penny 

nickel 

dime 

dol  1  ar 

D 

April 

June 

March 

August 
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Table  2 

Experiment  1:  Percent  classification  and  recognition  errors  for 
previously  seen  (original),  novel,  and  base  patterns  following  either 
concept-formation  or  paired-associate  training. 


Training 

Procedure 

Concept- 

Formation 


Paired- 

Associate 


Test 

Patterns 

Classification 

Errors 

Recognition 

Errors 

Bases 

12.5 

56.7 

Originals 

5.1 

10.9 

Novels 

32.4 

20.2 

Bases 

15.6 

39.5 

Originals 

3.7 

7.4 

Novel s 

34.0 

14.3 
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Figure  Captions 

Figure  1.  The  four  base  patterns  and  the  eight  members  of  each  category 
that  Mere  generated  from  these  base  patterns. 

Figure  2.  The  procedure  for  generating  the  membership  of  each 
category. 

Figure  3.  Experiment  1:  The  percentage  of  between-category  errors,  per 
trial  block,  during  concept-formation  and  paired-associate  training. 

Figure  4.  Experiment  1:  Common -attribute  salience  for  sets  of  four 
patterns  that  Mere  members  (or  potential  members)  of  the  same  category 
(within)  or  different  categories  (between).  Communal ity  was  based  on 
corresponding  subunits  being  similar  in  orientation  and  In  the  same 
relative  location  for  all  four  patterns  (the  latter  was  determined  over 
a  wide  range  of  relative-location  criteria).  Subjects  in  the 
no-training  condition  looked  for  "perceptual ly  natural"  subunits  in 
parsing  each  pattern.  Subjects  in  the  concept -format ion  and  paired- 
associate  conditions  looked  for  subunits  reflecting  resemblances  with 
other  category  members  in  parsing  each  pattern. 

Figure  5.  Experiment  2:  Common- attribute  salience  for  sets  of  four 
patterns  that  were  potential  members  of  the  same  category  (within)  or 
different  categories  (between).  Communal ity  was  based  on  corresponding 
subunits  being  similar  in  orientation  and  in  the  same  relative  location 
for  all  four  patterns  (the  latter  was  determined  over  a  wide  range  of 
relative-location  criteria).  Subjects  looked  for  subunits  reflecting 
differences  among  the  four  patterns  that  they  parsed. 

Figure  6.  Experiment  3:  Common-attribute  salience  for  sets  of  four 
patterns  that  were  potential  members  of  the  same  category  (within)  or 
different  categories  (between).  Communal ity  was  based  on  corresponding 
subunits  being  similar  in  orientation  and  in  the  same  relative  location 
for  all  four  patterns  (the  latter  was  determined  over  a  wide  range  of 
relative-location  criteria).  Subjects  looked  for  subunits  reflecting 
similarities  among  the  four  patterns  that  they  parsed. 
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The  category  effect  in  visual  search: 
Practice  effects  on  catch  trials 

HOWARD  S.  HOCK.  ALAN  ROSENTHAL.  and  PHILIP  STENQUIST 
Florida  Atlantic  University,  Boca  Baton,  Florida 

Two  experiment*  involved  eearching:  for  digit  or  letter  target*  in  display*  of  letters.  On  a  catch 
trial  following  between-category  search  (for  a  digit  among  letter*),  a  digit  other  than  the  target 
wa*  presented  in  the  display.  The  occurrence  of  incorrect  target-present  responses  and  slow,  cor¬ 
rect  target-abMnt  responses  on  this  catch-trial  decreased  as  the  amount  of  preceding  practice 
increased.  This  practice  effect  was  not  accompanied  by  shifts  in  decision  criteria  predicted  from 
explanations  of  the  category  effect  that  stress  between-  and  within-category  differences  in  physi¬ 
cal  resemblance.  Also,  the  effect  of  practice  on  catch  trials  was  not  accompanied  by  changes  in 
epeed  of  category-level  v*.  specific-level  identification  predicted  from  level-of-identification  ex¬ 
planations  of  the  category  effect.  An  alternative  explanation  was  proposed.  It  distinguished  be¬ 
tween  attention  to  attributes  shared  by  members  of  tha  target’s  category  (resulting  in  the  catch - 
trial  effect)  and  attention  to  attributes  specific  to  the  target  (resulting  in  its  elimination  as  a 
function  of  practice). 


The  alphanumeric  category  effect  refers  to  evidence  that 
subjects  can  search  through  a  display  for  an  alphanumeric 
target  at  a  foster  rate  when  the  nontarget  items  in  the  dis¬ 
play  belong  to  a  different  category  from  that  of  the  target 
than  when  they  belong  to  the  same  category  as  the  target. 
This  difference  in  search  rate  is  indicated  by  a  smaller 
effect  of  display  size  on  target-present  and  target-absent 
reaction  time  for  between-category  than  within-category 
search. 

The  original  explanation  for  the  category  effect  focused 
on  the  level  of  identification  for  the  items  in  the  display. 
Brand  (1971),  Ingling  (1972),  and  Gleitman  and  Jonides 
(1976)  proposed  that  between-category  search  rate  was 
foster  than  within-category  search  rate  because  category- 
level  identification  of  the  target  is  easier  than  specific- 
level  identification.  As  a  result  of  this  assumed  difference 
in  difficulty,  Jonides  and  Gleitman  (1972)  and  Egeth, 
Jonides,  and  Wall  (1972)  have  suggested  that  the  category- 
level  identification  of  the  target  can  be  based  on  parallel 
processing  of  display  items  (as  in  between-category 
search),  whereas  the  specific-level  identification  of  the 
target  requires  serial  processing  of  the  display  items  (as 
in  within-category  search).  However,  evidence  that 
specific-level  identification  is  foster  (Dick.  1971)  and 
more  accurate  (Nickerson.  1973)  than  category-level  iden¬ 
tification  directly  contradicts  the  assumption  that  category- 
level  identification  is  easier 
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More  recent  explanations  of  the  category  effect  have 
focused  on  how  the  ducriminability  of  the  target  from  non- 
target  items  in  the  display  affects  the  speed  with  which 
items  can  be  rejected  as  nontargets.  Gleitman  and  Jonides 
(1978)  have  argued  that  display  items  represented  by  both 
category-level  and  specific-level  codes  can  be  more  eas¬ 
ily  rejected  as  nontargets  when  they  differ  from  the  item 
being  searched  for  by  both  the  cmegory-level  and  specific- 
level  codes  (as  in  between-category  search)  dun  when  they 
differ  by  only  the  specific-level  code  (as  in  within-category 
search).  Duncan  (1983)  has  argued  that  the  alphanumeric 
category  effect  is  due  to  differences  in  between-category 
and  within-category  resemblance.  That  is.  on  the  aver¬ 
age,  members  of  the  digii  and  letter  categories  resemble 
members  of  their  own  category  more  than  they  resemble 
members  of  the  ocher  category.  As  a  result,  between- 
category  search  would  be  foster  dun  within-category 
search  because  items  in  the  visual  display  are  easier  to 
reject  as  nontargets  when  they  are  easily  discriminated 
from  the  target  (as  in  the  between-category  condition)  than 
when  they  are  relatively  difficult  to  discriminate  from  the 
target  (as  in  the  within-category  condition).  Duncan's 
(1983)  physical-resemblance  explanation  of  the  category 
effect  was  based  on  his  failure  to  replicate  Jonides  and 
Gleitman's  (1972)  oh-zero  effect  and  Corcoran  and  Jack- 
son’s  (1977)  evidence  that  the  difference  in  search  rate 
for  between-category  and  within-category  conditions  was 
»iiminaiwri  when  both  conditions  involved  targets  that  were 
difficult  to  discriminate  from  nontarget  items  in  the  dis¬ 
play.  The  latter  result,  which  has  also  been  repotted  in 
a  recent  experiment  by  Krueger  (1984),  provides  strong 
support  for  Duncan  s  (1983)  explanation  of  the  category 
effect,  but  is  not  consistent  with  explanations  that  assume 
that  performance  in  the  visual  search  task  is  based  on  a 
search  through  category -level  and  specific-level  memory 
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codes  for  tlx  items  in  «  display  (Francolini  &  Egetfa,  1979; 
Gleitman  k  Iodides,  1978).  Implicit  in  these  memory - 
search  explanations  is  the  assumption  that  the  performance 
differences  in  between -category  and  within-category 
search  do  not  depend  on  differences  in  the  relative 
difficulty  of  category-level  or  identity-level  coding  of  dis¬ 
play  items.  This  implies  that  matching  between -category 
and  within-category  conditions  in  target -to-nomarget 
resemblance  should  not  eliminate  the  category  effect.  The 
results  of  Corcoran  and  Jackson's  (1977)  and  Krueger’s 
(1984)  experiments  indicate  that  this  is  not  the  case. 

The  experiments  reported  in  this  paper  examined  a 
phenomenon  associated  with  the  category  effect,  namely 
subjects’  tendency  to  make  Use-alarm  errors  on  catch 
trials.  In  standard  between-category  search,  there  are  no 
trials  in  which  the  display  includes  an  item  that  belongs 
to  the  <«ne  category  aa  the  targets)  without  that  item’s 
corresponding  to  one  of  the  target  characters  specified 
prior  to  the  display.  The  catch  trial  violates  this  rule.  For 
example,  if  the  targets  specified  in  between-category 
search  were  "2"  aid  ”4.’*  the  display  might  include  a 
“3**  among  an  array  of  letters.  When  Gleitman  and 
Jonides  (1976)  presented  such  a  catch  trial  (there  were 
six  items  in  their  catch-trial  display)  after  192  standard 
between-category  trials,  they  found  that  14  of  16  subjects 
made  false- alarm  responses.  In  contrast,  no  subjects  in 
the  wuhin-caiegory  condition  made  a  false-alann  response 
when  the  193rd  trial  included  a  nomarget  item  that  had 
previously  been  used  only  as  a  target. 

The  catch-trial  effect,  like  the  difference  in  the  rate  of 
between-category  and  within-category  search,  can  be  ex¬ 
plained  by  either  the  level  at  which  display  items  are  iden¬ 
tified  or  the  physical  resemblance  between  target  and  non- 
target  items.  The  level-of-idenhficahon  explanation  would 
attribute  the  catch-trial  effect  in  between-category  search 
to  subjects’  initiating  a  target-present  ("yes")  response 
when  they  detected  an  item  belonging  to  the  target's 
category,  without  first  identifying  that  item  at  the  specific 
level.  The  physical-resemblance  explanation  would  attrib¬ 
ute  the  catch -trial  effect  to  the  perceptual  confusion  of  the 
target  with  the  nontarget  item  in  the  display  that  was  most 
difficult  to  <ti«-nmin»«e  from  the  target,  viz,  the  item  that 
belonged  to  the  target’s  category.  Prior  to  the  catch  trial, 
most  of  the  nontarget  items  in  the  between-category  con¬ 
dition  were  dissimilar  to  the  target  (they  belonged  to  a 
different  category).  Subjects  could  therefore  adopt  a  rela¬ 
tively  loose  criterion  in  deciding  whether  items  in  the  dis¬ 
play  corresponded  to  the  target,  resulting  in  a  high  likeli¬ 
hood  of  their  "firing  a  false-alann  response  on  the 
unexpected  catch  trial. 

The  experiments  reported  in  this  study  examined  the 
effect  of  practice  on  the  catch-trial  effect.  Regardless  of 
whether  practice  increases  or  decreases  the  effect,  we 
could  examine  the  implications  of  this  change  for  perfor¬ 
mance  on  the  standard  trials  preceding  the  catch  trial.  Ac¬ 
cording  to  the  physical -resemblance  explanation  of  the 
category  effect,  a  change  in  the  rate  of  false  alarms  on 
the  catch  trial  would  be  due  to  a  change  in  decision 
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criterion.  If  practice  results  in  the  development  of  a  less 
stringent  decision  criterion,  subjects'  rates  of  false  alarms 
would  increase.  This  change  should  be  accompanied  by 
a  decrease  in  the  time  spent  processing  each  display  item 
on  the  standard  trials  preceding  the  catch  trial.  The  latter 
would  be  indicated  if  practice  speeded  up  the  search  rate 
on  standard  between-category  trials.  Slower  search  rates 
and  fewer  false  alarms  on  catch  trials  would  be  expected 
if  a  more  stringent  decision  criterion  developed  with 
practice. 

Our  method  of  evaluating  the  level -of-idemificanon  ex¬ 
planation  was  somewhat  different.  In  Experiment  2.  we 
used  the  difference  in  reaction  time  between  particular- 
digit  search  (e.g.,  look  for  a  "4")  and  any-digit  search 
(look  for  any  digit)  to  infer  specific-level  target  identifi- 
'  cation.  According  to  the  level -of-identificanon  explana¬ 
tion,  this  difference  should  decrease  (indicating  category- 
level  target  identification)  as  the  catch-trial  effect  in¬ 
creases. 

EXPERIMENT  1 

Duncan's  (1983)  version  of  the  physical-resemblance 
explanation  was  proposed  only  for  the  case  in  which  one 
target  character  is  specified  prior  to  each  trial.  He  argued 
that,  when  more  than  one  character  is  specified  prior  to 
a  trial,  performance  in  between-category  search  is  based 
on  the  category-level  identification  of  the  display  items  - 
Since  Gleitman  and  Jonides’s  (1976)  catch-trial  data  were 
obtained  when  two  targets  were  specified  prior  to  each 
display,  the  starting  point  for  our  research  was  to  test  the 
catch-trial  effect  under  conditions  in  which  each  display 
was  preceded  by  the  specification  of  only  one  target.  If 
the  catch-trial  effect  had  not  been  obtained,  it  would  have 
provided  strong  support  for  Duncan's  (1983)  argument 
that  category-level  identification  does  not  occur  when 
between-category  search  involves  only  one  target.  Since 
the  catch-trial  effect  was  obtained,  we  had  the  opportu¬ 
nity  to  observe  whether  practice  would  influence  the  size 
of  the  catch-trial  effect. 

Method 

Subjects.  A  total  of  48  subjects,  undergraduate  students  at  Florid* 
Atlantic  University,  voluntarily  paraetpeud  in  this  expenmaa.  Each 
was  paid  $2. 

Stimuli.  The  experiment  involved  both  between-category  and 
within-category  search.  Subjects  working  in  the  between-category 
condition  looked  for  a  single  target  drawn  from  a  set  of  eight  pos¬ 
sible  digits:  2  through  9.  Subjects  working  in  the  within-category 
condition  looked  for  a  single  target  drawn  from  a  set  of  eight  pos¬ 
sible  target  letters:  A.  8.  G.  L.  P.  R.  S.  and  Z.  The  nomarget  herns 
in  both  between-category  and  within-category  displays  were  drawn 
from  the  set:  C,  D.  E.  F.  H.  1.  K.  M.  N.  O.  V.  Y.‘  The  target 
and  nomarget  characters  were  the  same  as  those  used  by  Gleitman 
and  Jonides  (1976). 

Each  display  comprised  1 . 2.  *,  or  6  characters,  whose  possible 
locations  were  defined  by  the  12  locations  of  an  imaginary  clock- 
face.  For  displays  that  included  a  target  character,  each  of  the  eight 
targets  in  eilhtr  between-category  or  within-category  search  was 
presented  equally  often  *  each  of  the  12  ckiddace  positions,  yielding 
96  target -present  displays.  Nomarget  letters  were  ssstgned  to  each 
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targa -presott  display  to  create  the  display  size*  of  1.  2.  4.  or  6 
characters  (there  were  24  of  each  display  size  in  the  target -present 
condition).  The  noatarpt  letters  were  randomly  selected  from  the 
set  of  13  nonarpt  letters  indicated  above.  They  were  assiped  ran¬ 
domly  to  various  dockface  locations,  but  with  the  foil  owing  con¬ 
straints:  (1)  There  were  no  repetitions  of  nomarget  letters  within 
a  single  display,  (2)  one  nontarget  letter  was  alwiys  placed  in  the 
position  diametrically  opposed  to  the  target  (except  for  the  one-item 
display)  in  order  to  maintain  a  constant  visual  angle,  and  (3)  each 
nomarget  letter  appeared  equally  often.  This  set  of  96  target-present 
displays  was  matched  by  another  set  of  96  target-absent  displays 
that  were  created  by  tubwaaing.  for  each  target,  a  randomly  selected 
letter  from  the  set  of  13  nomarget  letters  (once  again  with  the  re¬ 
striction  that  the  same  character  could  not  appear  more  than  once 
in  each  display).  This  resulted  in  a  total  set  of  192  displays,  each 
involving  Mac1:  characters  (Univerx  33)  presented  on  a  white  back¬ 
ground. 

.he  stimulus  presented  immediately  after  the  experimental  se¬ 
quence  was  tbe  catch  trial,  which  was  identical  for  each  subject. 
There  were  six  display  items  on  this  trial.  In  the  bewem -category 
condition,  tbe  target  specified  prior  to  the  display  was  a  "3"  and 
tbe  digit  presented  in  the  display  was  a  “3.”  la  the  within -category 
condition,  the  target  specified  prior  to  the  eatcb-trial  was  an  "A" 
and  the  display  included  the  letter  "8."  The  latter  represented  the 
first  usance  a  which  a  letter  that  bad  theretofore  been  used  only 
it  a  taiga  was  betng  used  as  a  nomarget  ilea  a  a  display. 

Design  Subjects  were  required  to  respond  “yes”  when  the  tar¬ 
get  specified  prior  to  each  trial  appeared  in  the  display .  Otherwise, 
they  were  to  respond  “no."  With  foe  exception  of  the  catch  trial 
a  die  end  of  tbe  experimental  session,  if  the  specified  target  was 
not  present  a  die  display,  no  other  member  of  the  targa  set  was 
present. 

The  set  of  96  target -present  and  96  target-absent  standi  was  or¬ 
dered  randomly  wufaia  four  Mocks  of  44  trtais.  Matching  sequences 
were  generated  for  tbe  between-category  and  wtthitt-catcgory  con¬ 
ditions.  Represented  within  each  block  of  4g  were  an  equal  num¬ 
ber  of  target -present  and  target-absent  displays  for  each  of  the  four 
dispiay  sizes,  which  were  also  equally  represented.  Each  Mock  of 
48  included,  in  random  order.  24  displays  that  required  "yes" 
responses  (target -present  displays)  and  24  that  required  "no" 
responses  (target-absent  displays). 

One  group  of  24  subjects  received  two  blocks  of  48  trials 
(Croup  96);  a  second  group  of  subjects  received  four  Mocks  of  48 
trials  (Group  192).  Within  each  group.  12  subjects  paraetpeted  ut 
between-category  search  and  12  participated  a  within -category 
search.  For  Group  192.  four  orders  of  the  four  blocks  of  48  mils 
were  formed  (Latin  square),  with  each  subject  assigned  to  one  of 
the  four  orders.  The  catch  trial  wa  presented  on  the  193rd  trial. 
The  two  Mocks  of  4g  trials  presented  to  subjects  in  Group  96  were 
helanred  so  that  all  192  displays  presented  wCroup  192  were 
equally  represented  a  (be  data  collected  for  Group  96.  The  catch 
dial  for  Group  96  wes  presented  on  the  97th  trial.  As  a  Group  192. 
each  of  the  four  blocks  of  48  trials  preceded  the  catch  trial  equally 
often.  The  mats  experimental  trials  were  preceded  by  48  warm-up 
trials  for  both  Group  96  and  Group  192. 

Procedure.  At  the  start  of  the  experimental  session,  tubjrca  were 
shown  the  targa  and  nontarget  characters  that  were  io  be  presented 
a  the  experiment.  They  were  informed  that  the  display  size  would 
vary  a  a  random  Banner,  tad  that  a  targa  would  be  verbally  speci¬ 
fied  prior  to  each  display.  When  the  specified  targa  wa  present 
in  the  display,  the  subjects  were  instructed  to  respond  by  pressing 
•  button  labeled  "Y«."  When  the  specified  targa  wa  not  present 
a  tbe  display,  they  were  to  respond  by  pressing  a  button  labeled 
"No."  The  assignment  of  the  subjects'  right  and  left  hands  a  the 
two  responses  batons  wa  balanced  according  to  hand  dominance: 
half  the  subjects  pressed  the  "Yes"  button  wife  the  dominant  band, 
and  half  pressed  it  with  the  soadominant  hand. 

The  stimuli  were  back-projected  onto  a  translucent  screen  by  a 
Kodak  Ekragrephic  slide  projector.  A  Uaibiitz  electronic  shutter 
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limited  the  presentation  of  each  slide  to  200  msec.  When  viewed 
from  a  distance  of  90  cm.  each  alphanumeric  character  intercepted 
a  visual  angle  of  0.2*  (horizontally).  The  imaginary  dockface  used 
a  construct  (he  displays  was  canoed  at  the  point  of  fixation,  which 
was  marked  on  the  screen.  If  the  dockface  had  been  real,  it  would 
have  intercepted  a  visual  angle  of  3.4*. 

Each  trial  began  with  the  experimenter  verbally  specifying  e  tar¬ 
ga.  This  was  followed  by  die  advance  of  the  slide  tray,  which 
provided  subjects  wtdt  an  oiditnry  signal  to  look  at  the  fixation  point. 
The  subjects  were  instructed  to  respond  ts  quickly  a  possible,  and 
were  informed  dot  some  errors  were  expected.  Corrective  feed¬ 
back  was  provided  after  each  error. 

Results 

Mean  reaction  times  for  correct  responses  and  percen¬ 
tage  errors,  excluding  tbe  data  for  the  catch  trials,  are 
presented  in  Table  1.  Tbe  reaction  time  results  were  con¬ 
sistent  with  the  general  alphanumeric  category  effect.  That 
is.  tbe  effect  of  display  size  on  reaction  time  was  less  for 
between-category  than  for  within -category  search.  Anal¬ 
yses  of  variance  on  mean  "yes"  and  “no"  reacaon  times 
indicated  that  tbe  interaction  between  display  size  (I,  2, 
4,  and  6)  and  march  condition  (between  vs.  within)  sig¬ 
nificantly  affected  performance  for  Groups  96  and  192 
[F0.66)  -  9.23,  p  <  .001.  MSe  -  2,794.0,  and  F(3.66> 
*  18.71,  p  <  .001,  MSe  “  2,053.7,  respectively].  Also 
significant  was  tbe  interaction  between  display  size  and 
response  (yes  vs.  no)  [F(3,66)  ■  4.90.  p  <  .005.  MSe 

-  1,861.2.  and  F(3.66)  -  9.62.  p  <  .001,  MSe  - 
2.375.7,  respectively].  The  latter  reflected  tbe  typical  find¬ 
ing  that  tbe  effect  of  display  size  is  smaller  when  the  tar¬ 
get  is  present  than  when  tbe  target  is  absent.  The  analy¬ 
sis  of  variance  for  Group  192  also  included  practice  as 
a  factor;  we  contrasted  performance  for  tbe  first  and  se¬ 
cond  block  of  96  trials.  Practice  did  not  moderate  the 
category  effect;  the  three-way  interaction  between  prac¬ 
tice.  search  condition,  and  disolav  size  was  not  signifi¬ 
cant  [F(3.66)  -  1.21.  p  >  05'.  MSe  •  1.562.1].  Prac¬ 
tice,  however,  did  improve  search  rates:  the  interaction 
between  practice  and  display  size  was  significant  [F(3.66) 

-  4.01.  p  <  .05.  MSe  «  1,562.1].  Also,  practice  tended 
to  reduce  tbe  difference  in  reaction  time  between  “yes" 
and  "no"  responses:  the  interaction  between  practice  and 
response  was  significant  (F(1.22)  “  5.43,  p  <  .05.  MSe 
»  2,392.3].  An  examination  of  the  error  data  provided 
no  evidence  that  tbe  above  results  were  due  to  subjects’ 
adopting  differential  speed-accuracy  criteria  in  the  vari¬ 
ous  experimental  conditions. 

Having  obtained  evidence  for  the  typical  alphanumeric 
category  effect,  the  main  purpose  of  the  experiment  was 
to  assess  performance  on  the  catch  trial.  None  of  the 
Group  96  or  Group  192  subjects  in  the  within-categoty 
condition  made  errors  on  the  catch  trial.  For  tbe  between- 
category  condition,  however,  5  of  12  subjects  in 
Group  96,  as  compared  with  0  of  12  subjects  in 
Group  192.  made  errors  on  the  catch  Dial.  (In  this  and 
other  attempts,  we  were  never  able  to  approach  Gleitman 
and  Jonides’s.  1976,  rate  of  false  alarms,  which  was 
87.3%.)  The  difference  in  catch-trial  falae-aiarm  rates  for 
the  between-category  conditions  of  Groups  96  and  192 
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Category 

Widiia 

Category 


Caiegory 

Wiltua 

Cucpxy 


Category 

Widn 


Table  I 

eat  1:  Mm  Reaction  Tbato  (Millbacoadi).  Slop*  of  tht  Mot  Reaction  Time  Function 
(MflHsocoads  par  lisa).  and  Ptrctouge  Error*  for  the  Between  Cengory  and 
Withia-Caicgory  Scant  Conditions  for  Subjects  Receiving  96  Trtata 

(Croup  46)  and  Subjects  Raiavtng  jW  Triala  (Croup  142) _ 

Reaction  Tuna  _ Error* 

vriip  _ Display  Size _  _ Duplay  Sum 

. ~  ’  2  4 


March  With 
Target 


6 

Group  46 


591 

593 

603 

624 

603 

6.6 

3.5 

3.5 

0.7 

07 

623 

607 

667 

706 

651 

19  1 

0.7 

0.7 

0.7 

0.7 

596 

571 

653 

715 

634 

27.2 

1.4 

3.5 

1.4 

2.1 

646 

655 

712 

*39 

713 

31.6 

7.6 

2.* 

0.7 

2.1 

Group  192:  Firs  96  Trials 

590 

577 

590 

621 

595 

6  9 

1.4 

2.1 

2.4 

0.7 

651 

64* 

675 

772 

617 

240 

1.0 

1.0 

1.0 

0.3 

607 

61* 

613 

771 

670 

33.5 

0 

0.3 

1.4 

1.4 

691 

697 

766 

III 

761 

400 

1.7 

1.4 

0.3 

0.7 

Group  192:  Second  96  Thais 

57* 

565 

599 

611 

5*1 

S3 

2.4 

3.3 

4.2 

U 

635 

625 

651 

710 

655 

15.6 

2.1 

1.0 

1.0 

0.3 

577 

59* 

656 

679 

621 

21-3 

0 

2.4 

3.3 

3  1 

650 

651 

672 

115 

697 

31.* 

2.1 

1.4 

0.7 

1.0 

wu  significant  by  a  Fisher- Yates  test  of  exact  probabil¬ 
ity  (p  <  .02). 

Performance  on  the  catch  trial  was  then  contrasted  with 
performance  on  the  immediately  preceding,  six-item, 
target-absent  trial  (see  Table  2).  In  the  within-cuegory 
conditions,  subjects  in  Groups  96  and  192  were  slightly 
more  likely  to  make  errors  and  were  slightly  faster  on 
the  immediately  preceding  standard  trial  than  on  the  catch 
trial.  These  differences  were  probably  due  to  small  shifts 
in  speed-accuracy  criteria.  Subjects  in  the  between- 
category  conditions  did  not  make  any  erron  on  the  stan¬ 
dard  trial  preceding  the  catch  trial.  Of  primary  interest 
were  their  reaction  times  for  correct  "no"  responses  on 
the  catch  trial  and  the  immediately  pret.> ding  standard 
trial.  For  Groups  96  and  192.  these  responses  were  sub¬ 
stantially  slower  on  die  catch  trial  than  on  the  preceding 
standard  trial.  The  effect  of  trial  type  (standard  vs.  catch 
trial)  was  significant  [F(1.17)  ■  7.92.  p  <■  .02.  MSe  * 


288.720],  but  neither  the  amount  of  preceding  practice 
[Group  96  vs.  Group  192;  F(1.17)  <  1.0.  MSe  * 
283.423]  nor  the  interaction  between  trial  type  and  prac¬ 
tice  [F(1.17)  <  1.0.  MSe  «•  288.720]  sigtuficamly  af¬ 
fected  the  ring  required  for  correct  "no"  responses.* 

Discussion 

The  results  indicated  that  practice  reduced  the  size  of 
the  catch-trial  effect,  but  did  not  eliminate  it.  That  is.  the 
false  alarms  obtained  when  the  catch  trial  was  preceded 
by  96  standard  trials  were  eliminated  when  the  catch  trial 
was  preceded  by  192  standard  trials,  but  reaction  times 
for  correct  "no"  responses  remained  quite  slow  It  will 
be  recalled  from  the  introduction  that  the  physical- 
resemblance  explanation  of  the  category  effect  would  as¬ 
sociate  the  reduction  in  the  catch-trial  effect  with  slower 
search  rates  (as  indicated  by  a  steeper  slope  of  the  func¬ 
tion  relating  response  time  to  display  size).  Both  would 


Summary  of  Performance  on  Catch  Trial  and  Immediately  Preceding  Standard  Trial  tor 
Experiment)  I  and  2.  Including  the  Proportions  of  Subjects  Correctly  Responding  -No' 
and  the  Mean  Reaction  Time  (Millleocoodal  of  their  Correct  *>Q-  Responses 


Proportion  of  Subjects 
Correctly  Responding  "No’' 


Reaction  Time  tor 
Correct  "No"  Responses 


Catch  Trial 

Preceding 
Standard  Trial 

Catch  Trial 

Preceding 
Standard  Trial 

Between -Cam  gory 

Experiment  1:  after  96  truis 

0  5* 

1.00 

1061 

769 

Experiment  1:  efter  192  trials 

1.00 

t  00 

1245 

643 

Experiment  2:  after  314  trials 

092 

0.92 

62* 

627 

With  ui -Category 

Experimam  1:  after  96  trials 

1  00 

0.75 

*05 

725 

Espenmem  1:  after  192  male 

1  00 

0*3 

725 

613 
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Tabit  S 

Maos  lartw  Ha*  (MOltocaad*).  Slop*  of  tfca  Mm  Raectiae  Tto*  Faocttoa  (MflHawJ*  par  Ite*>, 
tod  Ni  nnt»  Errors  for  tba  f«rttcaUr-Dt«M  tad  Any-Dipt  VtrnoM  of  B«rwot»-Ctt«cory  Saerch  I*  Exparttewst  2 


Reaction  Tin* 

Errors 

Match  With 

Tirf« 

Spectficatioa 

Display  Six 

Display  Six* 

Ttrtet 

1 

2 

4 

6 

Man 

Slop* 

1 

2 

4 

6 

Vo 

Psrucnlar  Dipt 

*«2 

*66 

First  192  Thais 
411  323 

4M 

1.9 

4.9 

4.9 

S.3 

4.2 

Yo 

Any  Dipt 

SI1 

32 3 

333 

576 

337 

12.2 

3.3 

6.3 

7.6 

2.1 

No 

PirtscBlnr  Dipt 

527 

332 

3S6 

603 

361 

13.4 

3.3 

6.9 

3.5 

4.2 

No 

Aoy  Dipt 

339 

339 

629 

742 

617 

40.7 

5.6 

2.1 

2.1 

4.9 

Yo 

PvtjcuUr  Dipt 

443 

470 

Second  192  Thais 
433  477 

461 

4.6 

3.5 

1.4 

6.3 

3.3 

Ye* 

Any  Dipt 

303 

494 

319 

329 

312 

6.1 

5.6 

3.5 

2.S 

6.3 

No 

Piracuiar  Dipt 

309 

309 

340 

604 

341 

19.3 

4.2 

6.9 

3.5 

4.2 

No 

Any  Dipt 

343 

343 

376 

614 

370 

14.6 

3.3 

4.2 

2.1 

6.9 

Nou -Sub /tea  rtetntd  3 84  rrtait  (Croup  314). 


latter  was  responsible  for  the  significant  four-way  inter¬ 
action  between  search  condition,  display  size,  response 
condition,  and  practice  (F(3  J3)  -  8.28,  p  <  .001 ,  MSe 
•  1,082.6].  An  examination  of  errors  provided  no  indi¬ 
cation  that  the  results  described  above  were  due  to  sub¬ 
jects'  adopting  differential  speed-accuracy  criteria  in  the 
various  experimental  conditions. 

Only  1  of  the  12  subjects  made  a  false-alarm  error  on 
the  catch  trial  presented  at  the  end  of  the  experimental 
sequence,  a  rate  of  false  alarms  that  matched  the  rate  ob¬ 
tained  for  the  most  immediately  preceding  six-item,  target- 
absent  display  (with  the  target  specified  as  s  particular 
digit).  As  can  also  be  seen  in  Table  2.  the  mean  reaction 
times  for  correct  “no"  responses  were  virtually  identi¬ 
cal  for  the  catch  trial  and  the  immediately  preceding  stan¬ 
dard  trial  tt{9)  <  1.0].1  Extending  the  amount  of  prac¬ 
tice  preceding  the  catch  trial  from  192  trials  to  384  trials 
therefore  eliminated  the  reaction  time  aspect  of  the  catch- 
trial  effect.  An  examination  of  subjects'  search  rates  in 
the  particular-digit  condition  of  Experiment  2  provided 
no  evidence  that  practice  also  resulted  in  slower  search. 
Search  rates  slowed  with  practice  for  target-absent 
responses,  but  speeded  up  by  a  like  amount  for  target- 
present  responses. 

Discussion 

The  reaction  time  data  meshed  well  with  the  results  of 
previous  studies.  As  in  Taylor  (1978),  "yes''  responses 
were  slower  in  the  any-digit  condition  chan  in  the 
particular-digit  condition,  but  search  rates  were  the  same 
in  both  conditions.  Also  as  in  Taylor  (1978),  this  result 
was  obtained  at  all  levels  of  practice.  The  primary  change 
produced  by  practice  was  the  sharp  reduction  in  search 
rates  for  "no"  responses  in  the  any-digit  condition.  This 
practice  effect  was  in  accord  with  the  results  of  an  ex¬ 
periment  by  Egeth,  Jonides,  and  Wall  ( 1972),  which  used 
practice  blocks  that  were  comparable  in  size  to  those  used 
in  this  experiment  (although  they  were  presented  or  suc¬ 
cessive  days  rather  than  the  same  experimental  session). 


The  results  obtained  on  the  catch  trial  continued  the 
trend  of  Experiment  1.  With  sufficient  preceding  prac¬ 
tice  (384  trials),  the  catch-trial  effect  was  completely 
eliminated.  This  change  in  the  catch-trial  effect  with  prac¬ 
tice  was  not  accompanied  by  the  slower  search  rates  that 
were  predicted  from  the  physical-resemblance  explana¬ 
tion  of  the  category  effect.  It  was  also  not  accompanied 
by  the  increased  difference  in  reaction  time  between  the 
particular-digit  and  any-digit  conditions  that  was  predicted 
from  the  level -of-idenofication  explanation. 

The  additional  192  practice  trials  introduced  in  this  ex¬ 
periment  were  all  any-digit  trials.  If  anything,  such  trials 
would  be  expected  to  encourage  the  maintenance  of  a 
strategy  involving  the  category-level  identification  of  dis¬ 
play  hems  and.  thereby,  the  continuation  of  tbe  catch -trial 
effect.  The  elimination  of  the  catch-trial  effect  therefore 
suggested  that  general  experience  with  the  particular  style 
of  characters  presented  in  the  display  was  at  least  as  im¬ 
portant  in  eliminating  the  catch-trial  effect  as  the  process¬ 
ing  demands  of  the  search  task. 

GENERAL  DISCUSSION 

The  primary  experimental  finding  in  this  study  was  that 
practice  reduced,  and  ultimately  eliminated,  the  catch-trial 
effect.  When  the  catch  trial  occurred  after  96  standard 
between-categoty  trials,  subjects  made  either  incorrect 
target-present  responses  or  very  slow,  correct  target- 
absent  responses.  When  192  trials  preceded  tbe  catch  trial, 
false  alanns  were  eliminated,  but  subjects  continued 
producing  slow  target-absent  responses.  Only  when  384 
practice  trials  preceded  the  catch  trial  were  slow  target- 
absent  responses  eliminated. 

The  results  were  inconsistent  with  Schneider  and 
Shiffrin's  (1977)  claim  that  the  category  effect  in  visual 
search  is  the  result  of  an  automatic  attention  response  to 
category-level  information.  Since  practice  tends  to  foster 
automaticity,  it  should  have  increased  rather  than 
decreased  the  catch-trial  effect.  The  results  were  also  in- 
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consistent  with  the  level-of-identification  explanation  of 
the  catch -trial  effect.  The  latter  would  attribute  the  catch- 
trial  effect  to  the  initiation  of  responses  on  the  basis  of 
category-level  identification.  The  reduction  of  the  catch- 
trial  effect  with  practice  would  be  attributed  to  specific- 
level  identification  preceding  response  initiation. 
However,  the  results  of  Experiment  2  were  inconsistent 
with  this  explanation.  Reaction  times  in  this  experiment 
were  faster  for  the  particular-digit  than  for  the  any-digit 
condition  at  all  levels  of  practice. 

The  physical -resemblance  explanation  of  the  catch-trial 
effect  would  attribute  its  decrease  with  practice  to  the  de¬ 
velopment  of  more  stringent  criteria  for  determining 
whether  a  display  item  matched  the  target.  There  was. 
however,  no  evidence  for  the  slowing  of  search  rates  with 
practice  that  would  support  the  hypothesized  criterion 
change  with  practice.  Given  that  practice  customarily 
results  in  faster  search  rates  (Schneider  &  Schiffrin, 
1977),  failure  to  find  evidence  in  support  of  the  physical- 
resemblance  explanation  was  not  surprising.  Although  it 
is  possible  to  speculate  about  additional  effects  of  prac¬ 
tice  that  might  have  masked  the  hypothesized  change  in 
criterion,  it  remains  the  case  that  an  increase  rather  than 
a  decrease  in  the  catch-trial  effect  with  practice  would 
have  been  more  amenable  with  Duncan's  (1983)  physical- 
resemblance  explanation. 

As  indicated  earlier,  Duncan  (1983)  argued  that  wtthin- 
category  search  is  Cuter  than  between-categoty  search  be¬ 
cause  items  in  the  display  are  more  difficult  to  reject  as 
nontargets  when  they  resemble  the  target  (as  in  within- 
category  search)  than  when  they  do  not  resemble  the  tar¬ 
get  (as  in  between -category  search).  The  results  repotted 
in  this  study  can  be  accounted  for  by  a  modification  of 
this  explanation.  The  modification  distinguishes  between 
attributes  of  the  target  that  are  shared  with  other  mem¬ 
bers  of  the  target's  category  (resemblance  information) 
and  attributes  that  are  specific  to  the  target  and  therefore 
distinguish  it  from  other  members  of  its  category.  Ac¬ 
cordingly,  visual  search  would  require  testing  each  dis¬ 
play  item  for  the  presence  of  attributes  shared  with  other 
members  of  the  target  i  category  and/or  attributes  specific 
to  the  particular  target. 

Our  data  indicate  that  early  in  practice  attention  to 
resemblance  information  took  precedence  over  attention 
to  item-specific  attributes.*  The  cost  of  testing  each  dis¬ 
play  item  only  for  the  presence  of  category-level  resem¬ 
blances  was  the  relatively  strong  catch-trial  effect  obtained 
early  in  practice.  The  elimination  of  the  catch-trial  effect 
with  further  practice  could  then  be  explained  by  increased 
attention  to  item-specific  attributes. 

Why  were  relatively  low  levels  of  practice  sufficient 
to  reduce  and  eventually  eliminate  the  catch-trial  effect? 
Certainly  192-384  practice  trials  (plus  48  warm-up  trials) 
were  not  enough  to  alter  long-established  differences  in 
perceptual  disciminability  for  alphanumeric  characters. 
A  more  likely  possibility  is  that  practice  provided  subjects 
with  the  opportunity  to  "adjust”  to  the  particular  type 
font  they  were  seeing  Although  there  was  nothing 


PRACTICE  AND  THE  CATEGORY  EFFECT  79 

peculiar  about  the  type  font,  some  period  of  adjustment 
may  have  nonetheless  been  required.  It  might  allow  sub¬ 
jects  to  determine  how  the  resemblance  and  item-specific 
attributes  abstracted  from  previous  experiences  with  al¬ 
phanumeric  characters  were  embodied  in  the  particualr 
characters  used  in  these  experiments.  Subjectively,  this 
may  have  resulted  in  the  integration  of  these  attributes, 
resulting  in  the  experience  of  a  template-like  search. 
Covertly,  it  may  have  resulted  in  the  formation  of  deci-  w 
tion  pools  that  combined  simultaneously  available  resem-  «* 
blance  and  hem-specific  information  (Miller.  1981 . 1982). 

The  formation  of  such  decision  pools  would  allow  for  a 
less  stringent  decision  criterion  than  would  be  necessary 
for  each  of  the  informational  components  working  in¬ 
dependently.  On  this  basis,  increased  attention  to  item- 
specific  information  with  extended  practice  would 
eliminate  false  alarms  and  slow  responses  on  catch  trials, 
and  would  also  lead  to  faster  search  rates  on  noncatch 
trials. 

The  crucial  evidence  for  the  physical-resemblance  ex¬ 
planation  of  the  category  effect  was  its  elimination  when 
both  between-category  and  wuhin-category  search  in¬ 
volved  targets  that  resembled  aontarget  items  in  the  dr- 
play  (Corcoran  A  Jackson,  1977;  Knieger,  1984). 
However,  an  important  factor  that  must  be  taken  into  con¬ 
sideration  is  that  the  members  of  moat  categories  differ 
in  the  extent  to  which  they  are  typical  of  their  category. 

Roscb  and  Mentis  ( 1975)  have  shown  that  the  more  typi¬ 
cal  a  stimulus  is  of  its  category,  the  more  it  tends  to  resem¬ 
ble  members  of  its  own  category  and  the  less  it  tends  to 
resemble  members  of  contrasting  categories.  Stimuli  that 
resemble  members  of  contrasting  categories  as  strongly 
as  members  of  their  own  category  are  generally  consi¬ 
dered  atypical  of  their  category.  From  this  point  of  view, 
the  alphanumeric  characters  selected  by  Corcoran  and 
Jackson  (1977)  and  Krueger  (1984)  to  match  between- 
category  and  within -category  resemblance  were  not  typi¬ 
cal  members  of  the  alphanumeric  categories.  When  such 
atypical  members  serve  as  targets,  attention  to  resem¬ 
blance  information  is  ineffective,  since  these  targets  are 
selected  to  resembie  the  nontarget  items  in  the  display. 

Target  detection  would  then  depend  on  attention  to  item- 
specific  information,  eliminating  the  advantage  of 
between-category  over  within-category  search.  However, 
when  the  specified  target  is  typical  of  its  category,  it 
resembles  members  of  its  own  category  more  than  mem¬ 
bers  of  contrasting  categories.  Only  then  would  attention 
to  resemblance  information  be  effective  in  detecting  the 
target,  and  an  advantage  be  obtained  for  between-category 
search. 

Our  modification  of  Duncan's  (1983)  physical- 
resemblance  explanation  to  account  for  the  effects  or  prac¬ 
tice  on  catch  trials  does  not  impair  its  ability  to  explain 
the  various  phenomena  associated  with  the  category  ef¬ 
fect.  It  does,  however,  provide  a  significant  conceptual 
change.  Duncan  ( 1983)  has  asserted  that  the  category  ef¬ 
fect  is  the  result  of  uncontrolled  differences  in  physical 
resemblance.  Our  modification  reintroduces  the  idea,  in- 
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herein  in  Gleimia  and  Jonides'  (1976)  erriy  work,  that 
subjects'  knowledge  of  die  attribute  structures  for  alphanu¬ 
meric  categories  can  influence  visual  search. 
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1.  Bureau  cawpory  saarch  ia  this  etptrin— a.  aa  well  aa  ia  ttw  «- 
penimnt  that  follows,  always  involved  searching  for  digita  in  a  display 
of  letart.  The  omnsioa  of  tha  nrvcnc  condhioni  was  based  on  the  results 
of  numerous  experiment!  which  had  indicated  that  die  typical  caMgory 
effect  it  ofaomad  srhea  subjects  amieh  far  inoats  among  digna  or  digna 
among  Monts  (Duncan.  1983:  Gasman  A  Joosdu.  (976. 19Tt:Joaades 
A  Clenoan.  1972.  1976:  Taylor.  1971). 

2.  The  rrnoaaa  dot  dan  reported  in  Table  2  mdudnd  only  taut  sub- 
jeca  wuh  correct  - to”  remoaaat  on  ho*  da  each  sal  and  the  pmeedmg 
standard  trial.  Tha  aaaiyiit  of  variance  wee  performed  only  tar  theae 
sublets  (7  subjects  ia  Group  96.  12  in  Group  192).  The  unequal  num¬ 
bers  of  subjects  required  the  urn  of  a  lam  iquans  procedure.  Thn  in- 
dnsiaa  of  rembea  bmm  far  all  correct  "no"  leepneen  would  have 
only  tiighdy  attend  the  mams  reported  ia  Tabk  2. 

3.  As  ia  Eapsrimam  1.  the  renersoe  tune  data  reported  ia  Tibia  2ia- 

chidad  only  thoas  subjects  wuh  oottect  "an"  nmonam  on  bo*  the  caacfa 
tnbandihtpncadmgeaamrtaial(10afiha  12  tubjacb  ia  Guam  1*4). 
The  inclusion  of  nacbon  bmm  fat  ail  coma  "bo"  reaponasi  would 
have  only  slightly  abend  the  mane  nponad  ia  Table  2. 

4.  fit  specifying  that  enenboa  a  reeernhlanrr  information  precadet 
anenaoa  a  hem-specific  iafomeboa.  our  naaauag  followed  Miller's 
(1981)  analysis  of  the  processing  of  global  and  local  penern  infonna- 
ooo.  He  argued  tha  global  aad  local  iafbrmaooo  become  availaMe  m 
a  central  processor  over  a  sunder  tune  cause,  but  enrniinnnl  priority 
is  given  a  global  informaoon.  la  a  similar  van.  wc  allow  dm  resetn- 
blaacc  aad  Item- specific  iafonaabon  also  become  available  a  a  central 
processor  ova  a  similar  time  course,  bat  snrnoonal  pnonty  is  gnat 
to  resemblance  information  i early  in  pracncel. 
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